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Abstract 
I nvest igat ion  of heavy meta ls  i n  f i sh  i s  an i m po rtant aspect of 
e nv i ro n m e ntal po l l u t i on  as h u man act iv i t ies co ntr ibute to the p rog ressive 
i nc rease in the conce n t rat i on  of meta ls  i n  t h e  e nv i ro n m e n t  as we l l  as 
aq u at i c  syst e m .  Th erefo re ,  an  ana lyt ica l  s u rvey fo r  t h e  conten ts  of 
coppe r, z i nc ,  mang anese ,  and cad m i u m  in l ive r, h eart ,  k idney ,  musc le  
and sk in  of Lethrinus lentjan, co l l ected from the west e rn coast of t h e  
U n i ted A rab E mi rates  ( Ras A I-Kha i m a) was carr ied o u t .  T h e  range and 
mean va lues of the  leve ls  of meta ls  we re dete rm i ned and com pared wit h 
t he  re ported values i n  the  Arabian G u l f .  
S i gn i f icant co ncent rat i ons  o f  the e l e m e nt s  tested we re detected 
by Ato m i c  Absorpt i on  S pectropho tomet ric  tech n i q u e .  T h e i r  va lues  of 
m eta l  l eve ls  were wi t h i n  t h e  pe rm i ss i b le l i m i t  for h u man  co nsu m pt io n .  
The  co rre lat i on  coeffic ients betwe e n  t h e  metal  co nce n t rat ions  i n  d i ffe ren t  
t i ssues  and  various le ngth g ro u ps were a lso dete rm ined .  
T h e  accu mu lat i o n  pattern  of the  essen t ia l  e l e ments  Zn ,  Cu and 
M n ,  and non-esse nt ia l  e le m e nt Cd i n  t h e  l ive r fo l l ows t h e  sequence : 
Z n  > C u  > Mn > Cd 
wh i l e  in sk i n  tissue t he  seque nce of t h e  m etals fo l lows the  o rder :  
Zn > C u  > Mn > Cd 
I n  m uscle t h e  seque nce of t h e  accu m u lat io n  behav ior  fo l lows the  o rder :  
Zn > C u  > Cd == M n  
The d is t ri b ut i o n  behav io r  of t he  e l e m e nts i n  f i sh  k idney was fo u nd to 
fo l l ow the seque nce : 
Z n  > C u  > M n  > Cd 
Howev e r, in f ish h eart the  sequencem as fo l lows : 
Z n  > C u  > C d  > Mn 
The mean  co nce nt rat ions  (mean  ± 5 .0 )  of C u ,  Z n ,  M n ,  and  Cd i n  
f i sh  l ive r was fou nd to be 48 .8  ± 1 .7 1 , 55 .3  ± 32.98 , 1 . 22  ± 0 . 23,  and 0 . 66 
± 0 . 2 8  p p m ,  respect ive ly .  Howeve r, i n  sk in  the conce ntrat ion  was much 
lowe r and were as fo l lows : 0 . 33 ± 0 . 1 3 , 38 . 59 ± 8 .35 ,  0 . 1 6  ± 0 . 1 1 ,  and  
0 . 08 ± 0 .06  ppm ,  respect ive ly .  
A lso in  m uscle t h e  metals concentrat ions  we re fou nd to be m uc h  
lowe r t h a n  t hose i n  l i ve r ;  t h e  leve l s  o bta ined we re a s  fo l lows : 0 . 1 7  ± 
0 .06 ,  3 . 3 1  ± 0 .39,  0 . 1 1 ± 0 .02 ,  and 0 . 1 1 ± 0 .02 ppm,  respect ive ly .  
T h e  study s hows a n eg ative co rre l at i on  b etwe e n  t h e  co nce n ­
t rat i ons  of Mn  a n d  Cd i n  f ish muscle a n d  fish length  (ag e ) .  A l s o  i n  sk i n 
t i ssues  t h e  co nce nt rat i o n  of Mn  shows a negat ive corre lat i on  w i th  fi s h  
l eng th  (ag e )  , w h i l e  a pos i t ive co r re lat i on  was obse rv e d  w i t h  co ppe r. 
M o reover ,  a pos i t ive corre lat i on  was not iced betwee n Cu ,  Z n  and Cd 
conce ntrat i ons  i n  l ive r  and f is h length (age )  . 
. . 
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CHAPTER 1 
INTRODUCTION 
1. Introduction 
The  U n i ted A rab E m i rates ( U . A . E . )  i s  s i tuated o n  t h e  so u the rn  
coast o f  t h e  A rab ian  G u lf .  The  A rab ian Gu lf i s  located i n  a n  ext re m e ly 
a rid reg i on  of t he  wo rld . I t  i s  bo rde red by the  A rabian Pen i nsu la and I ran ,  
and  i s  be twe e n  24° and  30· n o rt h  la t i t ude ( R e ly e a ,  1981) .  T h e  
p recip i tat ion  and runoff i s  marked ly lowe r than evaporat ion  wh ich  results 
i n  an  i ncrease in t h e  sa l i n i t i es  ra n g i ng between  35-40%° i n  t h e  open  
wate r, and  h i ghe r  i n  p rotected coasta l  e m bay me nts .  The  offs hore wate r  
t e m p e ratu re of t he  A rab ian  G u l f ra nges betwee n  1 8-32·C (Abu - H i la l  & 
Khordag u i ,  1992) . Acco rd ing  to H u nter  (1982) ,  t h e  c i rcu lar  patte rn of t h e  
wate r  i n  t he Arab ian G u lf i s  cou nterclockwise, and i t  takes 2 to 4 years to 
t u rnove r ,  w h i l e  t h e  f l u s h i n g t i m e  takes 3 to  5 . 5  years (Ab u - H i la l  & 
Kho rdag u i ,  1993) . 
T h e  mari n e  e nv i ro n men t  i n  t h e  A rab ian G u l f reg i o n  has been  a 
su bject of study i n  recent  years due to accide ntal o i l  sp i l ls ,  d ischarg e  of 
ba l last wate r, d redg i ng and b u ria l  for coastal deve lop m e nt ,  u nco nt ro l led 
d ischa rg e  of the sewage and i ndust ria l  waste wate rs as wel l  as human  
act iv i t ies (Ab u - H i la l  & Khordag u i ,  1992) . Al l  t hese st resses and  activ i t ies 
are pos i ng  a seri ous  t h reat to  the mar i n e  env i ro n m e n t .  H e avy m eta ls 
re l e as e d  bo th  n at u ra l l y  a n d  t h ro u g h h u m a n  act i v i t i e s  t h at may 
acc u m u late in  aquat ic  e nv i ro n ment .  O rgan isms l iv i ng  in  such habitat are 
known  to  co nce n t rate t race meta ls  po l l utan ts  i n  t h e i r  body t i s sues  
(Schu m acher, e t  a l . , 1992) . Certa in  mari ne o rgan i sms  have been  fou nd  
u sefu l as i nd icator of e nvi ronmental  po l l ut ion  (Forstne r  & Witt man ,  1981) .  
A s  f i s h  are located at t h e  end of t h e  aquatic food cha in  t hey may act as 
a n  i nd i cato r of wate r  po l l u t ion  in te rms of  heavy metal  co ntam i n at i o n  
( Rame low, e t  a I . , 1989) . 
1 . 1 Le t hr i n i d a e  
Let h ri n ids are mar i n e ,  coastal f i shes  of I nd o - Paci f ic reg i on  and 
west coast of Africa ,  and are co mmon ly fou nd around co ra l reefs ( Re lyea, 
1981) .  Lethrinus /entjan i s  a co m m e rc ia l ly i m portant  spec ies found i n  t h e  
local U . A .  E markets .  They are carn ivores,  feeds o n  crustaceans ,  f i shes ,  
m o l l u scs, sea u rc h i n s and ot h e r  hard-she l led i n-ve rt e b rate s, and t h ey 
feed m ai n ly at n i g ht .  ( Re lyea,  1981; Swasu braman iam & I b rah im ,  1982; 
Randa l l ,  1986) . 
Lethrinus /entjan ( l ocal name S h eari S h e k hab i , E n g l i s h  n a m e  
Scav e n g e r) o r  R e d  e m pe ro r  spec ies h ave co m p ressed bod ies, s l i g h t ly 
co nvex i nte ro rb i ta l  space , have g reen  (o l ive)  g rey body above, l i gh te r  to  
s i lv e r  be low ;  wh i te spots are on  sca le cent res espec ia l ly above late ra l  
l i ne  ( F i scher  & B ianc h i ,  1984) .  The f i sh  ca n be ident i f ied by b r ig ht red 
marg i n  o n  po ste ri o r  edge of operc u l u m  and oft e n  ano the r  o n  pecto ral 
base  ( F i sc h e r  & B ianc h i ,  1984; S was u b ra m a n i a m  & I b ra h i m  1982; 
Randa l ,  1986) .  Th e i r  s ize ranges f ro m  10 to 43 cm, max i m u m  to 45 c m .  
Ma i n ly t h e y  a re  fo u n d o n  t h e  sandy  bott o m  i n  10-35 F d e p t h  
( Swas u b raman iam & I b rah im ,  1982) . These spec ies  a re fai r ly abundant, 
caug ht  t h roug hout  t he  year; t h e  s mal l  s ize dom i n at i n g  at t h e  beg i n n i ng 
o f  t h e  s u m m e r  wh i l e  t h e  large s ize abu ndant i n  t h e  wi n ter .  The  best 
f i s h i n g  pe r iod is  between  Nove m be r  and March (Swas u b raman iam & 
I b rah i m ,  1982) . 
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1 .2 Tra ce Me t als 
Trace e lements occur  i n  m i n ute co nce nt rat i on  i n  n atu ral  b io log ical 
systems  and e xe rt a be nef ic ia l  or harmfu l effects on p lan t ,  an ima l ,  and 
h u man l i fe ( Forst ner  & Wittman n ,  1981) .  
H eavy metals are in t roduced i nto t h e  aquat ic e nv i ronment t h roug h 
var iou s  route s ,  sme lt i ng processes and fue l  co m bust i on  v ia  atmospheric 
fa l lo u t ,  d u m p i ng wastes ,  po l l u t i on  fro m leaks,  e ff l ue nts f ro m  run off o f  
t e r rest ri a l  syst e m  ( i n d u st r ia l  and  d o m e st i c  effl uen t s )  and geo log ica l  
weat he ri ng (Forstner  & Wittman ,  1981) . Trace metals can not be re moved 
f ro m  t h e  aq uat ic env i ro n m e nt l ike m ost o rg an ic po l l utan ts  ( Fo rst n e r  & 
Witt m an n ,  1981) .  Cadm i u m ,  arsen ic ,  copper, m e rcu ry ,  and ot he rs have 
the  ab i l i ty to accu mu late i n  botto m sed i ments .  Due to various p rocesses 
of  re m o b i lizat i on  t h e se meta ls  m ay be released and move i nto  t h e  
b i o log ica l  o r  food c h a i n  a nd co nce n t rate i n  f i s h  a n d  ot h e r  e d i b l e  
o rgan i sms , t he reby reach ing  h u man be ings  a n d  cau s ing  c h ron ic  o r  acute 
d iseases ( Forstne r  & Witt man ,  1981) . 
B iomagn if icat ion ,  wh ich i s  t he tende ncy of so m e  chem icals to pass 
t h roug h the food chai n res u lt i ng  in a p ro g ress ive i n crease of t h e i r  leve ls 
at e ach t roph ic  leve l  (Kumar  & Mat h u re, 1991),  m ay occu r s ince t h e  
heavy m eta ls  e nte r i nto t he  e nv i ro n me nt .  T h e  tox icity a n d  bioavai lab i l i ty 
o f  h eavy m eta ls depend on t h e i r  e x iste nce ,  wh ich i nt u rn depends on t h e  
wat e r  p rope rt i e s  s u c h  a s  p H ,  conduct iv i ty a n d  d i sso lved su bstances 
( K u m a r  & Mat h u r , 1991) . Mod e rate l y  stab le  c o m p le x at i o n  of heavy 
m eta ls  m ay re su l t  due  to i n t e ract i on  of h eavy meta ls  w i th  d i sso lved 
o rgan ic  carbon and n it rog e n  (Kumar  & Mat h u r, 1991) .  
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The meta l  u ptake p rocess co m p rises of two p h ases : t h e  f i rst 
phase is m etabo l i sm - indepe ndent b i nd i ng  to t he  ce l l  wa l l s  and oth e r  
e xte rna l  mate r ia ls  and t h e  seco nd  phase is  u ptake i n  t h e  t i ssues .  The  
I nte ract i ons  o f  vari ous  e nv i ro n m e nta l  facto rs, pH ,  t e m p e ratu re, o rgan ic 
matte r, c h l o rides ,  s u l p h ates  and o the rs affect o n  t h e  u ptake of  heavy 
meta ls  by an o rgan i sm (Fo rst n e r  & Wittman n ,  1 98 1 ) .  M ic ro -po l l utants 
such as heavy meta ls are co ns ide red as b io-cu m u lat ive .  I t  i s  found that 
the  ag e ,  s ize ,  feed i ng  hab i ts of f ish o r  aquatic an i ma ls  and the i r rete nt i on  
t ime  i n  p o l l uted wate rs affect t h e  heavy meta ls acc u m u lat i o n  i n  t hese  
o rgan isms ( M itra,  1 986 ) .  
Heavy meta ls a re  a matte r of co ncern because of t he i r  tox icity and 
tende ncy to accu m u late in food chai ns  ( Maso n & Barak ,  1 990 ) .  I t  was 
fou nd t h at heavy metals that are be low the detect ion  l i m i t  in routine  water  
samp les  may acc u m u late s ign i f icant ly i n  t he  f ish (Mason, 1 98 7 ;  Barak & 
Mason, 1 990 ) .  These f i sh  m ight be a bette r materia l  t han  wat e r  samples 
as i nd icato r  of m eta ls  co ntami nat i on  in  an ecosyst e m  ( Mason & Barak, 
1 99 0 ) .  
Metal  avai lab i l i ty to o rgan i sms  i n  t h e  aquat ic systems  depends o n  
vari ous  phys ico-che m ica l  a n d  b io log ical  factors (Fo rst n e r  & Witt m an n, 
1 98 1 ) .  The  species- speci f ic d i f ferences such as feed i ng  be hav io r  of t h e  
o rgan i sms  a n d  habi tat p references p lay an im port ant ro l e ,  h e nce, m eta l  
passag e into aquat ic o rgan i sms  depe nd on  wate r c h e m ist ry, sed i m e nts ,  
and b i o log ica l  charact e ri st ics of  the o rgan i sms  (Oa l l i nge r, e t  a l . ,  1 987 ) .  
Metals e nte r  t he  f i sh  body by  t h ree ways: the  body su rface, t h e  g i l l s, and 
the a l i m e ntary t rack (Oa l l i nge r, et a l . ,  1 987) . Mo reove r ,  i t  was fou n d  t h at 
t h e  ma i n sou rce of m eta l  co nce n t rat ion  i n  f i sh  i s  t h e  food t h an wat e r  
4 
where i n  t h e  aquatic ecosystems t h e  h eavy metals may be t ran sfe rred to 
the f ish t issues t h roug h t he  food chai n s  and accu m u lated in  the tissues 
(Da l l i nge r, et a l . ,  1 987 ) .  The deg re e  of  co ntam inat i on  of  food su pp ly and 
t h e  reductio n o f  speci e s  d ive rsity a re the two eco log ica l  facto rs t hat 
i nf lu e nce t h e  food chai n effects (Da l l i nger ,  et a i . ,  1 987 ) .  
Rece nt ly ,  an  i nvestig at i on  o n  t h e  tox icity and  bioavai lab i l i ty o f  
h eavy m eta ls  i n  the  f i s h  have been  carr ied ou t  i n  l ow  a lka l i n ity lakes by 
S p ry ,  et a l .  ( 1 99 1 ) .  The data showed that in wate r  of  low pH the  body o r  
t i s sue  b u rd e n s  o f  m e rc u ry ,  cad m i u m  and lead are  h i g h e r  t h a n  ot h e r  
wate rs of  h ig h e r  pH  va lue (Spry ,  e t  a l . , 1 99 1 ) . T h e  l o w  concen-t rat ion  o f  
ca lc i u m  i n  t h e  low a l ka l i n i ty  wat e r  causes  an i nc rease  i n  b i o log ica l  
m e m b ra n e s' pe rmeab i l i ty  to heavy m eta ls  and t h e re fo re , cau s i n g  an 
e n hanced u ptake of  metals from bot h water  and food cain . 
H eavy meta ls  are i m portant contam inants p resen t  i n  t h e  mari n e  
e n v i ro n m e n t .  I ro n ,  m a n g a n e s e ,  copper ,  coba l t ,  z i n c  are essen t ia l  
e l e m e nt s  to  t h e  l i f e  of  most o rg an i s m s ;  howeve r ,  ot h e rs may be e it h e r  
non-essent ia l  o r  harmfu l  ( Devi , 1 989 ) .  Many species o f  f ish  have l imited 
ab i l i ty  t o  e xcrete non -essent ia l  meta l  such as cad miu m  or m e rcu ry ,  so 
t h e i r  concen t rat i o n  wou ld i nc rease wi th s ize  or  age  ( B ry a n ,  1 9 7 6 ) .  
The re fore ,  t h e  co ntam i nat ion of  mari n e  o rgan isms that have a tende ncy 
to b i oaccu m u late re nder ing  t h e m  u n safe fo r co n su m pt i o n  wo u ld be t h e  
p ro b le m .  The  M i n a m ata ( Loef ro n ,  1 9 70 )  a n d  I ta i - I ta i  a re d i seases 
caused by mercu ry and cad m iu m ,  respect ive ly (F ri eb e rg ,  e t  a I . , 1 97 4; 
Kobayash i ,  1 97 1 ) .  
R ece nt l y ,  Dev i , 1 9 89 m o n i t o red the  h e avy m eta l  l eve l s  i n  
Ma lays ian  F ish  and she l l f i s h .  The conce ntrat i ons  were found a s  fo l low: 
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C a  0 .07-3.00,  Zn 1.67-19.42, Cd 0 .002-0 . 308, P b  006-0 .647 and Hg  
0 .007-0 .758 ppm.  These  wide rang es were att ributed to t he  d i ffe re nces 
in spec ies  t hat are diffe rent  in t h e i r  habits and diets and also to  t h e  
d i ffe re nt sampling locatio ns - i . e ,  habi tats ( Devi, 1989) . 
A s u rvey of cad m i u m  and lead leve ls  i n  t h e  liv e r  and m uscle of 
ee l s  f rom e leven rivers in E ast Ang l ia ,  E ng land was reported by Barak & 
Mas o n ,  1990 . They fou nd that ee ls f rom so me site s  showed h ig h metal  
l eve ls  ind icating  sou rces of metal  co ntam i n at i o n .  T h e  concen t rat i o n  
range  was a s  fo l lows : C d  0.06-0 .47 p p m  i n  l ive r  a n d  0 .02-0 .08 p p m  in  
musc le  wh i l e  Pb co nce ntrati o n  i n  l i ve r  was 0 .26-0 . 8  p p m  and  i n  m uscle 
was 0.03-0 .08 ppm. They co ncl uded t hat ee l  l iver  is a su itab le i nd icato r  
of i n o rgan ic  po l l ut i on  and t h e  m u sc le  i s  a su i tab le i ndicato r of o rg a n ic 
po l l utio n .  
H eavy meta ls  co nce n t rat i on  s u c h  as C u ,  Z n ,  P b ,  a n d  C r  were 
dete rmined i n  f leounder  f lesh caug ht off t h e  Be lg ian coast by G u ns ,  et a l . ,  
1988. T h ey o b s e rv e d  no  s i g n i f i can t  co r re latio n b e twe e n  m et a l s  
conce n t rat i on  a n d  l e n g t h  categori e s .  The i r leve ls  i n  m u scle were as 
fo l lows :  Cu 0 .29-0 .56, Zn 4.6-14.0 ,  Pb 0.02-0 . 149, and C r  0 .07-0 .45 
p p m .  
M a n y  botto m and pe lagic fis h  i n  Ba lt ic  sea we re exam ined  fo r 
heavy metals co nce ntrat i on .  The mean co ncentratio n s  of Cu ,  Zn ,  and Cd 
in t h e  m uscle of cod (bottom species)  were s ign ificant ly  lowe r than  those 
i n  h e rr i ng  and spart (pe lagic s peci e s ) .  A lso  i t  was fou nd  t h at spart 
species h ave  g re at e r  a m o u nt o f  M n ,  Z n ,  and Cd as com pared w i th  
h e rri n g .  Moreove r ,  so m e  reg i o n a l  var i at i o n s  i n  meta l  co ncent rations  
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we re fou n d  i n  t h e  botto m f i sh  and pe lag i c  f i sh  (Szefe r & Fa landysz .  
1985) .  
Recent ly Schuh m acher. et a l .  1992 have analyzed the  ed ib le  part s  
of seve ra l  s peci e s  of fi s h. mo l luscs a n d  crustaceans fro m t h e  Tarragona  
Coast (Spa i n )  f o r  h eavy m eta ls .  The  leve ls  of h eavy m eta ls  conte nts 
were found  i n  the range  of 0 . 113-1.727 ppm fo r manganese ; 0 .006 t o  
0.469 ppm fo r c h rom ium; 3.35 to 20 .79 ppm fo r  zinc .  and 0 .004 to 0 .304 
ppm fo r cobal t .  These m eta l  levels i n  the mari ne  s pec ies do not pose a 
hea lt h hazard to consumers .  
The ee l  spec ies (Angui l la Angui l la )  were ana lyzed for  Hg. Cd.  and 
Pb  co nce nt rat i ons  in  e aste rn E n g land  rive rs .  The  ran g e  of  co nce n ­
t ratio n s  we re found a s  fo l l ows: H g  i n  musc le was 0 .09-1.3 p p m .  Hg  i n  
l ive r 0 .01-0 .82 p p m ; C d  i n  l ive r 0 .04-1. 95 ppm ; Pb  i n  l i ve r 0 .07-3.37 
p p m  ( Maso n & Barak. 1990 ) . The ee l  A ngu i l l a  i s  a usefu l  b io i nd icato r 
because of  i t s  sev e ra l  p ro p e rt i e s ,  e . g .  s i ze .  abu ndance . wo r ldwide 
d ist ri but io n .  long l i fe  span and eury ha l im i ty (Am iard-Triquet .  et a l  . .  1987).  
The re a re natural facto rs i n f luenc i ng the meta l  leve l s  in  t h e  ee l  
suc h as season  of  s a m p l i n g .  d ev e l o p m en ta l  s tag e s .  and  sa l i n i ty  
(Amiard-Triquet ,  et aI . ,  1987) . A l itt le i nf luence of t he  samp l i ng pe r iod or  
se aso n o n  both meta l  body bu rdens  and conce n t rat i ons  were found .  I n  
case o f  Cd . Pb .  Cu. and Zn t he re was m i no r  i nf lue nce of t h e  p ig m e ntary 
stag e o n  t h e  meta l  b ioaccumulat ion  (Ami ard-Triquet .  et a l . .  1987) . The  
i n c rease  of  l ead i n  t he  e l v e rs of o n e  of t he  e stua ry was  t h e  o n ly 
n ot i ceab le  obse rvat i o n  w h e n  t h ey started to i ng e st food ( Leco mte­
F i nge r .  1983) . They  a lso fou nd a l i t t le  o r  no  s h o rt-t e rm effect o f  t h e  
sa l i n i ty  u p o n  t h e  accu mu lat i o n  o f  C d .  Cu . a n d  Z n  i n  l i ve rs .  I t  was 
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suggested that l ivers are not usefu l  b io i nd icato rs fo r  t h e  e ssent ia l  metals 
Cu and Zn because of t he i r  abi l i ty to reg u late who le  body leve l  of the Cu 
and Z n .  H owever ,  the i n te rna l  leve l of Cd re f lected  i ts  e nv i ro n m e nta l  
con tam i n at i o n .  Moreover ,  Pb  b i oacc u m u lat i on  in  e lv e rs p ri o r  to t h e  
p ig m e ntary stage is  very l im ited (Amiard-Triquet, e t  a l . , 1987) . 
E I- Nabawi, et a I . , 1987 i nvest igated d i ffe ren t  spec ies, e . g .  Pagel/us 
erythrinus, Siganus rivu/atus, Sphyraena sphyraena, Trig/a hirundo, 
Ti/apia ni/otica, and Ti/apia zi//ii fo r h eavy meta ls  i n  d i f ferent  parts o f  
A le xand ri a  reg ion  (Egypt ) .  The Arse n ic  concentratio ns i n  m uscles t issue 
of f i sh  ranged f rom 0 . 97 to 10 .5 ppm and 0 .11 t o  0 .18 ppm i n  d i fferent  
areas; Cd co ncen t rat i o n  in  m u sc les  ra nged fro m 0 .012-0 .023 and  
0 .018-0 .023 ppm ;  Cu 6.9-10 .2  ppm and 3-15 .4  pp m ;  P b  0 .18-0 .6  ppm 
and 0 .28-0 .42 ppm ;  Hg  0 .08-0 .65 ppm and 0 .04-0 . 06 ppm ; Z n  16.5-
27.0 p p m  and 31.5-40 . 5  ppm . The data also showed t h at, in t h e  l ive r 
samp les  t h e  leve ls  ra nged fro m 4.5-7.1 ppm ; Cd 0 .018-0 .108 ppm ; Cu 
11.7-31. 8  ppm ; Pb 0 . 35-0 .98 ppm ; H g  0 .14-0 .95 p p m ;  Z n  60 .0-78.0 
p p m .  
T h e  lead leve ls i n  t h e  ed ib le t issues o f  f i sh  co l lected f ro m  t h e  Bay 
of Benga l  ( t rop ical  mari n e  species)  we re in t h e  rang e  of 0 .58-4.03 p p m  
pe r d ry we ight wit h an  average o f  1.78 p p m  lead . The  cad m i u m  leve ls  
var ied f ro m  0 .04-0 .13 ppm wi th  an ave rag e va lue  of 0 .08 p p m, t hese  
va lues  a re  be low t h e  p e rm iss ib le  leve ls (Sharif et a l . , 1993) . Moreove r, 
t h e  m u sc les  of t rop ical mar ine f i sh  species fro m t h e  Bay of  Benga l  we re 
exam i n ed for  M n, N i, C u, Z n, Pb, and Cd leve ls by S h arif  et a I . , 1991 .  
T h e  m ang anese was fo und  i n  t h e  ran g e  of  5-11 p p m ;  t h e  max i m u m  
n i c k e l  co nce n t rat i o n  was 7.58 p p m  fo r beta ( Cirrhina reba) ; t h e  
8 
m a xi m u m co nce nt ra t i o n  o f  co p p e r  was 4 . 688 p p m  i n  c h u ri 
( Lepturacanthus savala) w h i le z i nc was 33.89 p p m  i n  lat ia  ( Harpodo n  
nehereus) . T h e  cad m i u m  leve l  i n  f i sh  m u scle was be low 0 .1 ppm wet 
weig ht ( Eis ler ,  1981 ) , and the Cd co nce ntratio n ranged between 0 .009-
0.17 p p m  in bata ( Cirrhina reba) ,  latia ( Harpodon nehereus) and fhassa 
( Setipinna phasa) (E i s l e r , 1981) . The lead levels in the m uscle ranged 
betwe e n  0 .33 to 0 .52 p p m  wet weig ht  (S har i f ,  e t  a l . ,  1991) . T h e  
accepted l i m its for consumpt ion fo r Z n ,  C u ,  C d ,  N i ,  a n d  P b  i n  h u man are 
150 , 10, 0 . 2, 1 and 1.5 ppm wet we ight  respect ive ly .  Thus ,  t h e  reported 
res u lts  were below he permiss ib le  va lues of these meta ls .  
The  relat ion ship between  heavy meta l  leve ls  ( e . g .  Ag ,  As ,  Cd , Cu ,  
F e ,  Hg ,  Mn ,  P b ,  S e ,  and Z n )  i n  At l a nt i c  c roaker's ( Microp o g o n ias  
undulatus) l i ve r  and  t h e  f i sh  leng th  (age )  have been  repo rted by Evans ,  
e t  a l .  ( 1993) .  They observed that m etal  leve ls  i ncreased w i th  lengt h .  
Th is  patte rn IS expected for  no n-essent ia l  elements A g ,  Cd,  H g ,  and Pb ,  
bu t  no t  fo r  Cu ,  F e ,  M n ,  S e ,  and Z n  w h ich  are b i o log ica l ly  essen tia l  
e le m ents  and are fa l l i ng u nder  homeostat ic co ntro l .  
R ecent ly ,  Abde lmon i em & E I-Oeek ,  1992, have i nvest igated t h e  
co ncent rat ion  o f  heavy metal  co nte nt i n  t h e  R e d  Sea a n d  A rab ian G u lf 
f i sh . They re po rted that t he  ave rage concentrati ons  of C u ,  Zn ,  M n ,  P b ,  
C r, C e ,  and F e  i n  Lethrinus mahsenoides m u sc le  we re 0 .34, 4.81, 0 .32,  
1 .14, 0 . 39,  0 .51, and 20 .14 ppm and in  Le thrinus nebulosus speci e s  
m u sc l e  w e re 0 .45 , 6 .87 ,  1 .13, 0 .64, 0 . 43, 0 .39, and  19.25 p p m ,  
respective l y .  These va lues  are be low t h e  perm iss ib le va lues  g iven  by 
t h e  World Health Organizat ion  (WHO) .  
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I t  is  known t hat t he  deep wate rs have h ig h e r  leve ls  of so m e  m etals 
such as Hg , Z n ,  Cd, and Pb . Many researchers have i nvestig ated the  
h eavy meta l  co nte nts i n  f i sh  reared i n  u pwe l led wate rs ( Fast ,  et a l . , 
1 990 ) .  They have stud ied t he  Hg ,  Zn ,  Cd ,  and Pb  leve l s  i n  t h e  m uscle of 
coh o  a n d  ch i nook sa l m o n .  The ave rag e m e rcu ry co ncent rat i o n  in t h e  
ed i b l e  pa rt s  o f  bot h sa lmo n speci es  was 0 . 037 p p m  w h i c h  i s  20  t i mes 
lowe r t han  t he  U . S . Food and D rug Ad m i n ist rat io n Acti o n  C rite ri a  of 1 . 0 
ppm in  edib le  t issues .  Moreove r t he  ave rage level  of Z n ,  Cd,  and Pb  for  
both sa lmon  spec ies were 7 . 64 ,  0 . 1 1 ,  and 0 . 2 4  ppm respect ive ly . The  
acc u m u lation  of  cad m i u m  was stud ied i n  r ed  cray f i sh  (procambarus 
clarki!) t i ssues ,  caught  from a Span ish  lake ( Mayans ,  et a l . , 1 986 ) .  The  
st udy suggested that Cd concentrat ion  i n  t he  t i ssues is a funct io n of Cd 
leve l  i n  t h e  wate r  ( Mayans,  e t  a i . , 1 986) .  
Mas s ive o i l  sp i l l s  and  o i l f i e l d  f i re s  in  K u wa i t  l ed  pe t ro l e u m  
hydroca rbo ns and t race meta ls  t o  e nte r t h e  Arab ian  G u l f a s  a resu l t of 
G u l f War i n  1 9 9 1 . T h e re fo re ,  a s u rvey  was d o n e  aft e r  t h e  war  
i m m ediate ly to dete rm i ne  t h e  deg re e  and extent  of t h e se contam i nat i on  
( Fowle r, e t  a l . , 1 993 ) .  F i sh  were co l lect ed f rom Kuwai t, Saudi A rab ia ,  
Bah ra i n ,  U . A . E ,  and Oman .  The survey demo nst rated t hat t he  petro l eum 
hyd rocarbon contam i nat i on  and t race meta l  po l l u t ion  i n  t h e  Arab ian  G u lf 
was res t r ic ted t o  a b o u t  400 k m  f ro m  t h e  so u rce a n d  t h e  m o st 
contam i nated area was found a long t h e  no rt h e rn coast o f  Saud i  A rab ia  
(Fow le r, e t  a l . ,  1 993 ) .  M o reover, it was repo rt ed t hat m eta ls  concen­
t rat i ons  do not appear  to have been measurab ly  pe rt u rbated by t he  o i l  
s pi l l  o r  fa l l ou t  f ro m  t h e  f i re s .  The invest i gat i o n  a l so  s howed t h at t he  
deg re e  and e xtent  of contam i nat i on  resu lted from war  i n  t h e  A rab ian  Gu l f  
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reg i o n  was not as h i g h  as has been  popu lar ly be l i eved ( Fowler ,  e t  a l . ,  
1993) . 
Recent ly ,  e xtens ive stu d ies h ave  been  u n d e rtake n by K u re i shy 
(1993) to dete rm i n e  t he  leve ls of H g ,  Cd ,  Pb ,  C u ,  Co ,  and N i  i n  m uscle 
t i s s u e  of  o rg a n i s m s  from D o h a  area and of f  H a l u l  I s l a n d .  The  
concent rat i on  o f  th ese i ons  were i n  t h e  range of  0 .02-0.46, 0 .21-1.32, 
0 .67-2.47, 1.24-4.71, 0 .13-0 .86, and 0 .58-1.73 fo r H g ,  Cd,  Pb ,  C u ,  Co ,  
and  N i  re spect i ve l y .  These  re su l ts  d o  not  s u g g e st a n y  s ig n i f icant  
i ncreases in  meta l  leve ls  content due  to  t he mass ive o i ls  sp i l ls occu rred 
in 1991 ( K u re ishy ,  1993) . 
S ad i q  & McCa i n ,  1993 , h av e  r e p o rt e d  t h at t h e  m e a n  
concen t rat i o n s  o f  C d ,  C u ,  Ni , P b ,  a n d  V i n  s h e l l f i s h  (c lams)  co l l ected 
fro m t h e  no rt h  of the A rabian Gul f  i n  1991 were h i g h e r  t han the leve ls  
repo rted in  1985. The conce ntrat ions of  Cd , Co ,  Cr ,  C u ,  Mn ,  N i ,  Pb ,  and 
Zn in  c lams (co l lected in  1991, post war )  we re fou nd  0 .31, 0 .89, 0 .61, 
0 .92, 55 .55 ,  1.75, 1.25 , and 4.91 ppm respect ive ly .  Seve ral  stud ies  have 
i ndicated that the  concentrat i on  of  essent ia l  t race m eta ls (Fe ,  Cu ,  Zn ,  and 
M n )  in  t h e  o rgans were i n  the o rder  of: l ive r> kid ney> muscle ,  whi le  t he  
conce n t rat i on  of non -essent ia l  m eta ls  fo l l ow t h e  o rd e r: k id n ey >I ive r > 
m u sc le  (Jaffar & Perv iaz , 1989) . They reco m m e nded t hat t h e  l ive r  and 
kid n ey are u nsu i tab le for  h u man co nsumpt io n .  
I n  Pak ista n ,  i t  was repo rted that M n ,  Z n ,  Fe ,  C u ,  C r, N i ,  Pb ,  H g ,  Cd,  
and A s  leve ls in  the m u sc le of  f re s h  wate r  f i sh  we re in  the ran g e  of  
0 .115-11. 157, 1 .875-50 .65 , 2.805-180 .35, 0 . 193-7.20 , 0 .365-13.2,  
0 .628-38.8 ,  0 .765-45.316, 0 .02-26.8, 0 .004-1.5,  and 0.48-7.5 ppm wet 
we i g h t  respect ively (J affar, et a l . , 1988) . I t  was conc luded that t he  m etal 
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co ntents i n  the  muscles we re speci es-specif ic ,  t he re was no d i fference i n  
t h e i r  l eve ls  betwe e n  l a rg e and s m a l l  f i sh  and t h e re was a pos i t i ve  
co rre lat i on  betwee n  Z n  and As leve ls  i n  f i sh  m usc le and i n  t h e  wat e r  
qual i ty (Jaffar, e t  aI . ,  1988) . 
Trace metals (Cu ,  Mn ,  and N i )  i n  deep-sea sharks fro m the  Rockal l  
Trough t  were an alysed by Vas and G o rdon ,  1993. The conce n t rat i on  
ranges  we re <0.02-4.3; <0 .02-8.64; <0 .28-38 ppm for  C u ,  M n ,  and  N i ,  
res pect ive ly .  The values  we re lower  i n  t h e  s peci e s  fo u nd i n  deep  sea 
due  to  less  anthropog e n ic i n puts  i n  t h e  deep  wat e rs (Vas & G o rd o n ,  
1993) . T h e  externa l  t i ssues ,  e . g .  s ki n  a n d  g i l ls i n  a l l  spec ies e xam ined  
had  t h e  h i ghest meta l  concent rat io n s  because o f  d i rect exposu re to  t h e  
ext e rna l  env i ro n ment ,  o n e  o f  t he  majo r  sou rces o f  meta l  e x posu re to t h e  
sh ark .  The  data a lso sh owed that v e rt e brae wh ich i s  an  i n terna l  t i ssue ,  
have h igh  leve ls  of m eta ls .  Moreove r ,  it was a lso  found t hat as t he  f i sh  
l e n g t h  i nc re ases the  m eta l  conce n t rat i o n s  decreases  except  i n  E.  
princeps spec ies  w h e re t h e  m eta l  concent rat i o n s  s h owed a g e n e ra l  
patte rn of i nc reas ing leve ls  wit h length  (Vas & Gordon ,  1993) . 
R u e l le ,  e t  a l . , 1993 repo rted  t h at cad m i u m  co ncen t rat i o n s  i n  
k id ney ofpallid sturgeon f ro m  the  u pper  Mi ssou ri Rive r  was very h i g h  as 
co m pa red to ot he r  t issues and ranged fro m 0 .5-1 .03 ppm .  Rame low,  e t  
a I . , 1989, have dete rmi ned t h e  co nte nt of Cd,  Ag , Pb ,  As ,  and Zn i n  the  
edi b le part s  of several speci es  of f i sh  caught f ro m  Calcas ieu R iver  and 
Lake Lou is iana.  These co nce nt rat io n s  we re fo u nd in  the range of 0 .02-
0 .08, <0 .01-0 .3, <0 .2-0 .5 ,  <0 . 1-0 .3, and 28 ± 7 p p m  for  Cd ,  Ag, Pb ,  As ,  
and Cd respect ive ly .  The  o rder  of e n richment  wit h h eavy metals i n  these  
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specie s  was as fo l lows : fish  o r  sh rimb muscle < musse ls  < zoop lankto n ,  
oyste rs, per iphyton ( Rame low, e t  a i . ,  1989).  
The conce nt rat ion  of Cd,  Zn and Hg  in muscle and l iver  of several  
fis h  s pecies  f ro m  S a m bo ro m bon  Bay in Arg e nt i n a ,  were dete rm i ned 
( Marcovecc hio & More n o ,  1993) .  I n  t he  live r  the co ncent rat ion  of t hese 
m eta ls  were 4.14, 68.7 and 0 . 20 ppm fo r Cd,  Z n  and H g ,  respective ly 
(Marcovecchio & Moreno ,  1993) . The d ist ribut i o n  patt e rn of z i n c  and 
cad mium was a l most s imi lar, where th ese leve ls  we re found to b e  h i ghe r  
in l ive r t han i n  musc le ,  wh i le t he  accumulat ion  o f  m e rcu ry was s i m i lar i n  
both l i ve r  and musc le .  A d i rect re lat i onsh i p  betwe e n  f i sh  s i ze  and  the  
total  m e rcury co ntent  were noted wh i l e  cad mium and  z i nc  d id not show 
t his patte rn ( Marcovecch io  & Moreno ,  1993). 
F ish  of d i ffere nt ag e from Lu rn ice Rive r  were ana lyzed fo r Pb ,  Cd,  
and Z n  ( K roupa & H atv ich ,  1990) . The lead concen t rat i on  i n  roach's 
k idney fro m Koste n icky b rook was 0 .67 ppm,  wh i l e  in t h e  Luz n ic  roach 
was lowe r ( K roupa & H atv ic h ,  1990) .  Pb and Cd leve ls  in l iv e r  and 
kidney dec l i ned  wit h ag e ,  wh i l e  lead co ntent i n  muscle d id  not show any 
s ig n i f icant  change wit h  ag e ( K roupa & Hatv ich ,  1990) .  They found th at 
t h e  Cd and P b  leve ls  i n  t he  bream (Abramis brama), which  are o lder  than 
ten  years ,  i ncreased with age and t h e  l ead conte nt i nc reased o n ly i n  the  
o l d e r  speci m e n s .  H owever  Z n  co n ten t  i n  t h e  t i ssue  dec l i ned  w i th  
i ncreas i n g  age and t h e  o lde r speci mens  had less  manganese content  i n  
t h e i r  tissu e .  The  effect o f  heavy m eta ls  o n  fis h  b e h av iour ,  g rowt h ,  
m et a b o li s m ,  b l o o d  a n d  m i n e ra l  c o n t e n t s ,  h e m at o l o g i c a l  a n d  
p hysi o log ica l  respo nses  have been re ported ( Handy ,  1992; Atch i so n ,  et 
a i . ,  1987; G hazaly ,  1992) .  
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The re lat io n of heavy metals content with body leng th  and age of 
m acke re l  ( Scomberomous cavel/a) caug ht fro m d i ffe re nt states of U . S . A .  
h a s  b e e n  stud ied (Grady ,  e t  a i . ,  1989) . T h e  maxi m u m  co ncent rat io n s  of 
Z n ,  Cd, C u ,  and Pb  were fou nd in the you ng f is h .  A dec l i ne  in m eta ls 
conte nt wit h ag e and leng th  were a lso observed (G rady ,  et a i . ,  1989) .  
The effect of heavy meta ls o n  t h e  bone characteri st ics and deve lopment  
h as been  repo ned (Ham i l to n & Ha ines ,  1989; Ha m i lton  & Reas h ,  1988) . 
The  tox ic i ty of t race m eta l  m i xtu re s  to  A m er ican F lagf i sh  (Jordanella 
flo ridae) has be e n  I nvest ig ated i n  aci d i f ied soft  wat e r  ( H utch i n s o n  & 
S p rag u e ,  1986; Hutch inson  & Sprag u e ,  1987) .  
R ece nt ly ,  G u e rri n ,  et a l . , 1990 stud ied the h eavy metals co nce n ­
t rati o n s  i n  Ti nca t i nca and Scard i n i us  e ryth rophta lmus  f ish  species wh ich  
were i nt rod uced fou r years before i n  a t reated wastewat e r  t reat m e nt a t  
Rea lmont ,  France .  
L iver  and k id ney are cons idered as major  acc u m u lat io n o rgans  i n  
f i sh  (Wi ld l i fe  Serv ice , 1985) . The cad m i u m  leve l s  i n  l ive r and k idn ey 
we re 0 .056 and 0 . 157 ppm i n  Rudd speci es  wh i le  i n  Fe nch spec ies  they 
we re 0 .058 and 0 .149 ppm respect ive ly (Guerri n ,  et a l . ,  1990 ) .  
B i o m o n i t o r i n g o f  h e avy m e t a l  d i s t r i b u t i o n  i n  t h e  West e r n  
Med ite rran ean areas has bee n carr ied out b y  H ernadez ,  e t  a l . ,  1992. 
M u l let spec ies was used as a b io i nd icato r of heavy m eta l  po l lu tion .  The 
h i g h e st leve l  o f  H g  fo u nd in  f i sh  m u sc le  was 460 ppb  and the mean 
leve ls  o f  Hg ranged between  100-200 ppb .  H i g h  co nce n -t rat i on  o f  Cd 
found  in  some stat i o n s  were in  the range  of  100-500 p p b ,  wh i l e  Pb 
leve ls ranged f ro m  100-400 ppb (He rnandez,  et a i . ,  1992) . 
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Recent ly. Habsh i ,  et a I . ,  1 993 ,  have studied t h e  levels of H g ,  Pb ,  
N i ,  and V i n  the  ed ib le  parts of d i ffe re nt species of f i sh  co l lected f rom the  
weste rn  part of ROP M E  Sea are a  [ ( Reg iona l  O rg an i zat i o n  fo r t h e  
P rotect i on  for  t h e  Mari n e  E nv i ro n men t )  (RSA)] i . e ,  f ro m D o h a  (Qatar) 
nearshore areas a long t h e  western edge of RSA end i ng in Kuwait .  The  
m e rcu ry co nce ntrat i ons  we re h ig h e r  t h an 0 .5 p p m  and i ts  conce nt rat io n 
i n c reased w i th  an i ncrease i n  s ize  and  ag e of  f i s h .  N o  s i g n i f icant  
d i ffe re n ce in  Hg  and P b  contents  between  the males and females we re 
fo u nd ( H abs h i ,  et aI . ,  1 993) .  The mean co nce ntrat io ns  o f  Pb,  Ni  and V 
were 1 . 63 ppm . 0 . 07 ppm and 4 . 1 9  ppm , respect ive ly  ( Habs h i ,  et a l . ,  
1 993 ) .  These va lues o f  H g ,  Pb ,  N i ,  V are not con side red a h eal th hazard 
i n  comparison  to meta l  concent rat i o n s  re po rted i n  ot h e r  reg i o na l  seas 
(Ande rl i n i ,  et aI . ,  1 98 1  and Lite rathy ,  et a I . , 1 986 ) .  
1 . 3 C l a s s if i c a t i o n  of he avy m e t a l s  
Trace e le m e nts  m ay b e  c lass i f ied i n to essen t ia l e le m e n t s ,  e . g .  
copper, z i nc ,  mang anese , cobalt ,  c h ro m i u m  and n icke l  and no n-essent ia l  
e l eme nts ,  e . g .  lead and cadm ium ( Marqu is ,  1 989) .  These e lements have  
te nde ncy to  b ioaccu m u late by two  p rocesses n a m e ly m etabo l ic and 
b iosorpt i on  ( Ku mar & Mat h u r, 1 99 1 ) and are  no nb iodeg radab le .  These 
e l e m e nts can a lso be c lass i f ied f rom t h e  env i ro n me ntal po l l ut i on  stand 
po int i n to t h ree categ o ry :  ( 1 ) no ncrit ica l ,  (2 )  tox ic but not  v e ry i nso lub le  
o r  ve ry rare , and (3)  ve ry tox ic  and  re lat ive ly  access i b l e  as shown i n  
Tab le  1 . 1 (Wood , 1 974 ) .  The d i ffe re nt facto rs wh ich affect t he  tox ic ity o f  
t he  t race e lements i n  aquat ic env i ron m e nt (B ryan ,  1 976)  are p resented i n  
Table 1 . 2 .  
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1 . 3 .1 Essential elements 
Coppe r  
Copper  i s  a n  essen t ia l  e le m e nt fo r some e nz y m e s  and g lyco­
p rote i n s. and i s  an  essent ia l  m icro n ut ri en t  in a l l  o rga n i s m s  ( S o re n s e n ,  
1 99 1 ) . I t  has t he  abi l i ty to stab i l i ze  su lfu r rad ica ls wh ich i s  i ts mai n ro le i n  
t h e  b i o lo g ica l  syst e m s  ( M o o re & Ramamoort h y ,  1 9 8 4 ) .  Coppe r  i s  
n ecessary t h e  f o r  syn t hes i s  of h e m og lob i n ,  w h e re i t  p ro m ot e s  t h e  
abso rpt i o n  of Fe fro m t h e  gast ro i n test i na l  syst e m  t ra n sports Fe fro m 
t issues i nto p lasma.  I t  i s  a lso i m portant i n  the  format ion  of bo ne and b ra i n  
t i ssues .  C u  b i nds ex-g lobuli n i n  the  b lood and  i s  t ransported to t h e  l iver ,  
k id ney ,  cen t ra l  n e rv o u s  syst e m ,  h eart ,  bo n e ,  and m u sc le  fo r storage 
(So re nse n ,  1 99 1 ) .  
The  co pper  contents  i n  mari n e  f i sh  are h i g h e r  t h a n  t h ose i n  f resh  
wat e r  speci e s .  The  max i m u m  co nce ntrat io n s  i n  m u sc le  t i ssue  of  f i sh  
co l lected fro m po l l uted f resh  water  e xceed 1 ppm wet  we ight  and ranged 
from 0 .5-2 ppm,  i n  the m u sc le of f is h co l lected from mari n e  wate rs ,  t h e  
co p p e r  l eve l  m ay reach 3-6 p p m  i n  case of ex t re m e  co nd i t i o n s  o f  
e nv i ro n m e nta l  co ntam i nat ion  (Moore & Ramamoo rthy ,  1 984 ) .  
Coppe r does not  pose  a t h reat to  most f i s he ri es ,  eve n t hose I n  
po l l u ted  wate rs d u e  t o  low m u sc le  contents  ( M o o re & Ramamoorthy ,  
1 984) . The re are many facto rs affect ing  Cu leve l  i n  f i s h .  An i ncrease i n  
hard ness ,  a lka l i n ity , sa l i n ity ,  o rgan ic  leve l ,  p H ,  and fi s h  s ize  st re ng thens  
f i s h  re s i stance  t o  Cu  ( S o re n se n ,  1 9 9 1 ) .  I n  c o n t rast , e l evated 
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Tab l e  1.1 
l a  . if ica t iol1 of e l emen t s  according t o  t oxicit y a n d  
a \'ai lab i l i t y  (For. t n er & \Vit t ma n, 1981) 
Toxic but Very t ox i c  and 
No n crit ica l i ll olll b l e  or re l a  t i  \'e ly  accessi b l e  
\cry rare 
Na C F Ti Ga Be As Au 
K P Li Hf La Co Se Hg 
1a v Fe Rb Zr Os Ni Te 11 
C1 Sr \V Rh CLI Pd Pb 
H CI Al 0:b [r Zn Au v Sb 
0 Br Si Ta Ru Sn Cd Bi 
N Re Ba Pt 
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Table 1.2 
Fac t or influenci ng t he t oxic i t y  of h e a v y  met a l s 
In  aqua t ic e n v ironme n t  (Bryan,  1976) 
FOnll of metal in water 
Presence of other 
metal. or poison' 
Factors influencing 
ph)' iology of 
organism and 
possibly form of 
metal in water 
Condition of 
orgamsm 
Behavioral re.-ponse 
inorganic 
organic 
joint a tion 
no interaction 
alllagon!. 111 
temperature 
pH 
dis 'olved oxygen 
light 
salinity 
soluble 
p�u·ticlllate 
IOn 
complex ion 
chelate ion 
molecule 
colloidal 
precipi tated 
adsorbed 
more-than additi e 
additive 
less-th an -add i! i ve 
rage in life history (egg, larva, etc.) 
changes in life cycle (e.g., moulting, reproductioll) 
age and size 
sex 
tan'ation 
actlvlty 
additional protection (e.g., shell) 
adaptation of metals 
altered behavior 
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t emperatu re s  i ncrease t h e  tox ic i ty o f  Cu ( Lydy & Wiss i n g ,  1 988 ) . The  
leve ls  of C u  accumu lated i n  b lood , b rai n ,  sp lee n ,  g onads ,  and ske leta l  
m uscle are found 0 b e  lowe r than those fo u nd in  t he  l i ver  (Cross,  et a I . , 
1 973 ;  McK im & Beno i t ,  1 974 ;  O' Ne i l l ,  1 98 1 ; Buckley,  et a l . , 1 982) .  
The  most i m portant source of  copper  i s  p robably t h e  co ntam inated 
food and not  water .  The rate  of C u  u ptake is  d i rect ly  re lated to exposu re 
t i m e  and  conce n t rat i o n, wh i l e  It i s  i nverse ly re lated to  t h e  p rese nce of 
che lato rs and i no rganic i ons  in the water  (Moore & Ramamoorthy ,  1 984 ) .  
McFar lane & Fra nz i n ,  1 9 80 ,  i nd icated a co ns isten t  pos i t ive corre lat i on  
betwe e n  coppe r i n  p ike  l ivers and fi s h  age, wh i le t h e  res idues i n  m uscle 
t issue decrease wit h age and s ize of f i sh .  So me speci es  m ay be affected 
and the i r  s u rv iva l ,  g rowt h ,  and rate of re p roduct ion  is reduced when t hey 
a re exposed to ch ron ic  or s u b le tha l  leve ls  of copper  (0.02-0 .2  p p m ) .  
O n e  of  t h e  harmfu l  e ffects o f  coppe r  i o n s  i s  i ts  p rec ip i tat i o n  i n  g i l l  
secre t i o n s  lead i ng t o  death b y  asp hyx iat i on  (Tsai , 1 979) . Copper  i s  
fou n d  n ot t o  b e  ac u te ly  tox ic  t o  h u m a n  because of  i t s  i n te rmed iate  
coord i nat e  charact e ris t ic  betwee n  hard and soft acids .  I t s  moderate 
tox ici ty i s  due to i ts sequeste ri ng act ion  o n  and precip i tat i ng the  essent ia l  
carboxy l ic  acids (Moore & Ramamoo rt hY , 1 984) .  
The  ve rtebrate body co ntai ns  a large quant i ty of Z n  wh ich i s  a lso 
an  essent ia l  e le m ent .  Z inc p lays an i m po rtant  ro le  i n  the b iosynt hes is  of 
nuc le ic  acids ,  RNA and D N A  po ly m e rases ,  and i t  i s  an essent ia l  part of a 
n u m be r  o f  e n zy mes  (So re n se n ,  1 99 1 ) . A lot of phys io log ical  p rocess 
such as h o rm o n e  m etabo l i sm ,  i m m u n e  respo nse  and ri boso m e s  and  
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m e  m b ra n e s  s tab i  l i z at i o  n n e  ed  z i  n c  as re p o  rt e d  by M o o re & 
Ramamoort hy ,  1984. 
B rown & Chow, 1977, have fou nd t hat Zn conce nt rations  i n  m u scle 
o f  o m n iv o ro u s  and  ca rn i vo ro u s  f i s h  co l l ected f ro m i n d u st r i a l  and  
ag ricu l tu ra l  areas o f  G reat Lake s ( U . S . A) range f ro m  16-82 ppm and  3-9 
p p m  wet we i g ht ,  respect ive ly .  S i m i la r ly ,  V i n i k o u r  e t  a l . , 1980, and 
Adams et a I . ,  1980 repo rted that t he  ave rag e m uscle Z n  burden  of  ye l low 
p e rc h , b l u e g i l l  and black crapp ie  f i sh  we re 106, 108 and 103 p p m  
respect ive ly fo r t he  ones i n habi t i ng recreat iona l  z o n e  r ive rs i n  t h e  U . S . A.  
The z i n c  conte nts in ye l low perc h ,  b l ueg i l l  and b lack c rapp ie  spec ies  
were 100 ,  109, and 101 ppm respect ive ly i n  an i ndust ria l  zo n e .  The  
res idues  o f  Zn i n  mari ne  f i sh  m u scle were l ow .  Roth  & Ho rnung , 1977 
reported that t he  range of Zn co ncentrat ion i n  t he  f i sh  co llected f ro m  t h e  
Med i te r ra n e a n  coast w e re 0.5-33 p p m  s h owi n g  l i t t le  ev ide nce o f  
con ta m i n at i o n .  M o o re & Ramamoort h y, 1984, re po rted t h at t h e  Z n  
res id u e s  i n  b lack m a r l i n f ro m  A u st ra l i a  ra nged f ro m  5 . 7-14.6  p p m .  
B rooks & Ru msey, 1974, have re ported that t h e  ave rag e co nce ntrat i ons  
o f  Z n  i n  t h e  t i ssues  of  e ig ht speci e s  fo u nd i n  New Zea land  sea .  The  
leve l s  i n  m uscle, l iver, k idn ey, heart, gonad, sp lee n ,  and g i lls we re 8 ,  76, 
78, 24, 93, 73 and 22 ppm respect ive ly .  S im i lar ly ,  it was found  that t h e  
rat io  o f  z i n c  i n  l i ver : m u scle o f  b lack mar l i n  f i sh  w a s  5 .5  : 1 ( Moore & 
Rama moorthy ,  1984) .  G e n e ra l ly , z i nc  concent rati o n  was not re lated to  
feed i n g  hab i ts (Moore & Ramamoort hy, 1984) . 
N o  co rre lat ion  was fou nd betwee n  Zn res idues i n  m u sc le  and  f ish  
age/si ze, desp i te t he  u ptake of  z inc  by you n g  f ish  i s  g reate r  t han the o ld  
ones ( M o o re & Ramamoort hy, 1984) .  H owever, z i nc accumu lati o n  was 
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co r re l at e d  w i t h  m e t a b o l i c  rat e .  T h u s ,  f i s h  s i z e/ag e  a l t e rs Z n  
accu m u lat i o n ,  where t h e  sma l l  fis h  have h ig h e r  m etabo l i sm (Sore nsen ,  
1 9 9 1 ) .  The  z i nc leve ls  i n  mu sc le and ot h e r  o rgans  vary wit h  seaso na l  
va riatio n .  Bads ha & Sainsbury ( 1 978) report ed t hat the who le  body Zn 
residu e s  in  five - bearded rock l i ng  f rom the  Sevrn  E stua ry ( U . K )  were 
maxi m u m  d u ri ng t he  spr ing and ear ly su m m e r  and m i ni m u m  o r  dec l i ned 
in  Aug ust ,  wh ich  poss ib ly  refe rs to a change i n  d ie t  co m pos i t ion  du ring  
t h e  su m me r. E xposu re t ime and concentrat ion ,  fi s h  s i ze ,  water  hardness ,  
length o f  acc l imation  to test so l ut io ns ,  feed ing leve l ,  and t roph ic leve l  are 
t h e  mai n  factors affect i ng or a l teri ng  t h e  Zn uptake by f ish  (So re n se n ,  
1 99 1 )  .
Zi n c  p lays an i m po rtan t  r o l e  i n  m a n y  bio l o g ica l  f u n ct i o n s ;  
howev e r , at h i g h e r  conce n t rat i o n s  i t  beco m e s  tox i c .  Z i nc  at h i g h  
co nce n t rat i o n  causes m o rta l i t y ,  g rowt h  reta rdat i o n ,  h i stopat h o log ica l  
a l te rnat i ons ,  resp i rato ry and card iac changes ,  i n hab itat i o n  of spaw n i n g ,  
dysfu nct i o n  of k i d n e y  and e n zymes  and a l te rat i o n  i n  schoo li ng  and 
re p roduct ive  b e h av i o u r  in  fis h  ( Moo re & R a m a m o o rt hY , 1 98 4 ,  and 
So re nse n ,  1 99 1 ) . 
Zi nc o ften  i n t e rfe res  wit h su l fu r o r  su l fhydry l  g roups  i n  h u m a n  
b io log ica l  syste m ,  t he refore i t  i s  an  essent ia l  e l e m e nt f o r  b iosynthes is  of 
n uc le ic acids and po lypept ides .  Moreove r, the def ic ie ncy of  Zn may lead 
to h e a l i n g  d e lay ,  and s u p p ress i o n  o f  e n z y m at i c  act ivity ( M o o re & 
Ramamoo rt h y ,  1 9 84 ) . I n  addit i o n ,  i n h alat i on  o f  Z n  f u m e s  fro m ga lva­
n i zi ng  b at h  may p roduce 'z i nc  fever' ,  c h i l l s, feve r  and nausea ( D uffu s ,  
1 983) . 
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M a n ga n e s e  
Manganese is  an  abundant m etal  i n  nature and i ts  co m pounds are 
used i n  maki ng stee l  a l l oys ,  e l ectr ical co i ls ,  ceramics ,  d ry-ce l l s ,  matches,  
g lass,  dyes ,  in  fe rt i l i ze rs ,  we ld i ng rods ,  as  ox id iz ing age nt and as an i mal  
food addit ives (Amdur ,  et a i . ,  1991). The re spi rato ry system and ce ntral  
n e rv o u s  syst e m  are affected by Manganese .  C h ro n i c  manganese  
po iso n i ng causes l i ve r  c i r rhos i s ,  i rr i tabi l i ty ,  d i f f icu lty i n  wal k i ng ,  speech 
d i st u rbances ,  and co m pu ls ive behav io r  ( ru n n i n g ,  f i gh t i ng  and s i n g i n g )  
(Amdu r, e t  a i . ,  1991) . 
Mangan ese is  an  essent ia l  e l e me nt ,  and acts as a cofacto r fo r  a 
n u m b e r  o f  e n zymat i c  react i o n s ,  espec ia l l y  t h o s e  i n vo lved i n  phos ­
p h o ry lat io n ,  cho le st e ro l ,  and  fatty ac ids syn thes i s . Manganese  i s  
t ranspo rted  i n  p las m a  w h e n  bound to  a � 1 -g lo b u l i n  (Amdur ,  et a l . , 
1991) .  The mai n so u rce of  t h e  i ntake of  manganese is  fro m food (Amdur ,  
et al . ,  1991) .  The dai ly i ntake of  manganese ranges f ro m  2 to 9 mg . The 
b i o l og i ca l  ha l f - l i fe i n  the  body is  37 days ( A m d u r ,  e t  a l . ,  1991) . 
Manganese activate m an y  e nzymes  i n  v i t ro .  I t  i s  i nv o lved i n  g lucose 
ut i l izat i on  ( Fo rst n e r  & Wittman ,  1981) . I t  acts as a cofacto r fo r py ruvate 
carboxy lase , oxa loacetate decarbody lase ,  superox ide  d i s m utases and 
d iam ine  oxidase (Kendrick ,  et a i . ,  1992).  
C o b a l t 
Coba l t i s  a re lat ive l y  rare e l e m e nt p roduced p r imari l y  as by­
p roduct o f  ot he r  meta ls  such as copper. I t  is esse nt ia l  as a component  o f  
v i ta m i n  B 12 wh ich  i s  requ i red fo r  p roduct i on  fo r  red b lood ce l l  and  
p reve nt ion of anemia  (Amdur ,  et al . ,  1991) . Lack of  cobalt or  manganese 
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causes ma lfo rmat io n of bo nes (Love, 1980) .  Also t he  i nsufficient  leve ls 
o f  cobal t  in  the d i et of ru m e nants  cause wasti n g  diseases and t h e  
i m p lantat i on  o f  coba lt powder  causes mal ig nant tumours i n  muscle  ( Hay, 
1991) .  The  i n gest i on  of e xce ssive amount o f  co balt  by hu mans  and 
m a m ma ls  causes  po lycyt h e m i a .  Cobalt tox ic i ty  resu lt s  i n  v o m i t i n g, 
diar rhea and a se nsat io n o f  warmth .  O ral admi n i st rat i on  i n  h i g h  leve ls  
p roduce g oi te r. The i nt ravenous ad m i n i st rat io n causes face f lus h i n g ,  
b l ood p re ssu re i nc reas i ng, s lowed re sp i rat ion, d izz i ness ,  l i n n i tus ,  a n d  
deafness due t o  ne rve damage (Amdur, 1991) . Also t h e  excessive i ntake 
of cobal t  lead to card io myopat hy (Amdur, 1991) .  
T h e  i n c re ase of  coba l t  l e v e l  tend no t  to cause  s i g n i f i can t  
accumu lat i o n .  I t  i s  o bserved  t hat about 80% o f  t h e  i ng ested coba l t  i s  
e xc re ted b y  u ri n e ,  about 15% i s  e xc reted in t h e  feces, and t h e  rest 
e xcreted by othe r  secondary routes (Amdur ,  et a l . , 1991) . 
The  larg est tota l  f ract i on  of co balt i s  fou nd i n  muscle wh i l e  t he  fat 
has t h e  h i g h est concent rat io n .  S ign i f icant ly h i g h e r  leve ls  o f  cobal t  we re 
f 0 u n d i n I i v e r, he a rt a n d  h ai r t h a n  0 t h e  r 0 r g a n s ; h o w e  v e r t h e  
co ncent ratio n  i n  t hese o rgans  i s  relat ive ly low (Amdur, 1991) . 
The  tota l  body burd e n  has been  e st imated as 1.1 mg (Amdur ,  et 
a I . ,  1991) . The no rmal  leve ls  o f  cobalt  i n  human uri n e  and b lood are 98 
and 0 .18 �g/l i tte r, respect ive ly (Amdur, et aI . ,  1991 ) .  
C h r o m i u m  
The  chem ist ry o f  ch ro miu m i s  o f  cons iderab le  i nte rest , c h ro mium 
I I I  i s  co n side red to  be essen t ia l  to m a m m als fo r t h e  ma in te nance of  
g lucose , lip id  and p rote i n  metabo l i sm ,  but chrom ium V I  i s  repo rt ed to be 
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toxic ( F riman , 1978) . The carcinoge nicity of c h ro mi u m  V I  is conside red 
In  t e rms  of  the u ptake/reduction  mode l .  C h ro miu m is  a an e sse ntial 
micro n ut rien t  and wide ly distributed e l e m en t  for t h e  m etabo lism of  fat 
a n d  carbo hydrate s  fo r m o st o rg anis m s  ( E I - S h a h awi , 1993) . T h e  
c h ro mium concentrations in  fresh water  fish  no rmal ly fa l l  be low 0.25 ppm 
wet  w eig h t ,  whi l e  i t  i s  s lig h t l y  hig h e r  i n  m a ri n e  fi s h  ( M o o re & 
Ramamoorthy ,  1984) .  The ch romiu m content  i n  f l esh ,  bo n e  and gi l l  taken 
f ro m t wo s pec ies  of Let h ri nus  fa mily ( Le thrinus mahsenoides and 
Lethrinus nebu/osus) caug ht f ro m  t h e  Red Sea h ave bee n measured 
(Abde l m o nie m & E I - O eck ,  1992) .  The c h ro mi u m  con ten t  in  various  
residues in  wrass from the  Medite rranean (Le ban o n )  were fou nd 1.6 and 
1 ppm wet  weig ht fo r  several  fish  species (Shibe r, 1981 ; Roth  & Hornung ,  
1977) . B rook  & Ru msey,  1974 repo rt ed that t h e  ave rag e co ncentration  
o f  c h ro mi u m  in  the  muscle ,  l i ver , kid ney ,  heart ,  go nad ,  sp leen  and g i l l  o f  
eig h t  mari ne  species f ro m  New Zealand were 0 .02, 0 ,1 ,  0 .2, 0 .3 ,  0 .2 ,  1.2 
and 0 .5  p p m ,  respect ive ly .  
T h e  av e rage concen t rati o n s  o f  ch ro mi u m  in t h e  ti s s u e s  of 
sev e n t e e n  mari n e  species w e re found  in t h e  ra n g e  0 . 36-13.2 p p m  
(J affa r ,  e t  a l . , 1988) , The study s h ows n o  cor re lation  betwee n t h e  
co nce nt ratio n of chromium in  fish  musc le and i n  wat e r. 
T h e  c h ro mi u m  co nce nt rati ons  in  fi s h  are  o ft e n  no t  re lated to  
feeding  habit s as p revio us ly repo rted ( Moore & Ramamoorthy ,  1984) .  
Mat his & C u m mings ,  1 973 repo rt ed t hat t he  C r  leve ls  in o m nivorous  fis h  
fro m I l li nois Rive r ( U . S .A )  we re ave rage 6.21 ppm wet weig ht compared 
to 0 . 12 i n  carnivorous fis h .  In  t he  Kenne bec Rive r (U . S . A )  t he  bu rde n s  of 
o m n ivoro u s  white sucke rs ranged betwee n  �0 .01-0.22 ppm dry weig ht ,  
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w h e reas ca rn ivo ro u s  y e l low p e rch and  sma l lmou th  ra nged  b etwe e n  
�O . O  1 a n d  0 . 1 5-1 .67  ppm (F riant ,  1 979 ) .  F ish are less suscept ib le  to t he  
tox ic  effects o f  c h ro m i u m  than  i nvertebrates .  The  pH ,  s ize  o f  fi s h  and 
t e m p e rat u re e ffect o n  t h e  i ntox icat i on  rate ( Mo o re & Ramamoort h y ,  
1 984 ) .  Levels o f  c h ro mi u m  i n  several  mari n e  o rgan i sms  co l lected f ro m 
t h e  Caste l l o n  Coast d u r i ng 1 98 6  and  1 9 8 7  we re det e r m i ned  by 
He rnadez,  et a l . ,  1 990 .  
C h ro m i u m  ( I l l )  I S  not  acu te l y  t ox ic beca u s e  the  c h ro m i u m  
co m p le xe s  i n  ab iot ic  m at rices are h i g h ly stab le .  S i nce t h e  c h ro m i u m  
speci es  have strong aff i n i ty fo r oxyg e n  donors rat h e r  t h a n  su l fu r donors 
t h at p resent  i n  b iomo lecu les ( E I -S hahawi , et a i . , 1 99 4 ) .  I t  i s  known that 
C r  V I  is m o re tox ic  t han  C r  I I I  becau se the  fo rmer  has a h i g h  rate o f  
abso rpt i o n  t h  ro ug h i n test i  na l  t racks ( M oo re & Ramamoort h y ,  1 984 ) .  
Ep idem io log ical  stud ies  by  S i tt ig , 1 980 ,  have shown  a pos i t ive re lat i on ­
sh i p  betwe e n  cancer i nc idence and  occupat iona l  exposure to c h ro mate 
species .  C h ro mates also cause l ung cancer, i t  act as i rr i tants to t h e  eyes, 
nose ,  t h roat and may cause ch romosome abnormal it i es  (Duffus ,  1 983) .  
N i c k e l  
N icke l  is less tox ic  e le m e nt to f i s h  compared t o  copper , m e rcu ry ,  
lead ,  z i nc ,  cad m i u m ,  s i lve r ,  c h ro m i u m  and  arse n ic .  I n  sea wat e r  t he  
acute tox icity o f  n icke l i s  reduced because of i t s  com pet i t ive i n te ract io n s  
wit h cat i o n s .  A l s o  t h e  wat e r  hard ness  affects N i  t ox ic i ty ,  f o r ,  as t h e  
h a rd n e s s  i n c re ase s t h e  n i c k e l  t o x i c i ty d e c r e a s e s  ( M o o re & 
Ramamoort hy ,  1 984 ) .  
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N i c k e l  p l ay a m a i n  ro l e  i n  t h e  m etabo l i s m .  I t  i n t e racts 
com pet i t i ve ly w i th  Ca ,  Co.  C u ,  Fe and Zn in  t h e  a n i m a l s  ( Moore & 
Ramamoorthy,  1 984) .  Few species of  fresh water  f ish  we re i nvest igated 
by Hu tc h i n son  et a l . , 1 975 fo r N i  prese nce . The N i  leve ls were ranged 
f ro m  9 .5-1 3 . 8  ppm wet  weight .  Wrigh t  ( 1 976) reported that t he  N i  leve l  o f  
mari n e  fi s h  co l lected f ro m  NE coast of E n g land was ranged f ro m  0 .5-7 . 2  
p p m .  H owever,  o ther  studies i n  ot he r  areas showed that t he  res idues are 
< 0 . 1 p p m .  The co nce ntrat io n of N i  i n  t he  mu scle a re g e n e ra l ly s l i g h t ly 
lowe r t h an I n  l iver ,  k idneys, and g i l ls ( Moore & Ramamoort hy ,  1 984 ) .  
N icke l  does  no t  accumu late t h roug h t h e  f ood  cha i n .  Mat h i s  & 
C u m m i ng s , 1 973 ,  re po rted t hat t h e  ave rage conce ntrat io n s  of N i  i n  t h e  
sed i m e nts ,  i nvertebrates, a n d  t h e  m usc le  of  om n ivo rous  a n d  carn ivorous  
f i s h  we re 2 7  p p m  d ry we igh t .  1 1 ,  0 . 1 8  and 0 . 1 3  ppm we t  we igh t  
respect ive ly .  Moreover ,  i t  i s  fou nd that muscle res idues of  N i  may  e i ther  
i ncrease or  re ma in  constant as  t he  f ish  g rows ( Mo o re & Ramamoorthy ,  
1 9 8 4 ) .  N icke l f ound  t o  cause death  t o  f i s h  by a s p h yx i at i o n  and  
co n s i st e nt w i t h  t h e  h i g h  n icke l res idues i n  g i l l s ,  because t h e  d i f fus io n 
capaci ty o f  g i l l  i s  decl i ned by N i .  N icke l  a lso  i nc reases  t h e  lame l la r  
m e m brane t h ickness a s  repo rted b y  Moore & Ramamoorthy  ( 1 984 ) .  
N icke l  i s  a m ic ro n ut r i e n t fo r most  o rg a n i s m s ;  h oweve r ,  i f  i ts  
amou nt is  i ncreased i t  wi l l  cause tox ic e ffects as noted by Moore & 
Rama moo rthy ,  1 9 8 4 ;  Du ffu s , 1 983 .  The acute tox ic i ty o f  n icke l co mes  
f ro m  i ts  compet i t ive i nte ract i on  with Ca ,  Co ,  Cu ,  Fe and Zn .  I t  i s  known 
t h at n icke l  i s  h ig h ly su rface act ive ,  so i t  adhe res to b reat h ab le  ai r-borne 
part i c l es .  Thus ,  i ts i n ha lat i o n  may lead to nasa l ,  la ryngea l ,  and  l u n g  
cance rs. Moreove r, n icke l  may cause te ratog en ic e ffects fo r mam mal ian 
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and av ian  e m bryo s as re po rted by G i lan i  & Marano , 1 9 80 ; S u nderman 
et a I . ,  1 980 .  
1 . 3 . 2  N o n -e s s e n t i a l  e l e m e n t s  
L e a d 
M o re than 90% of t he  lead u n d e r  norma l  co nd i t i ons  retai ned i n  
t h e  body i s  I n  t h e  ske leto n (So re n s e n ,  1 99 1 ) . T h e  Pb  i n h i b i t s  t h e  
b iosynt h es i s  o f  h e m e  because of  i t s  aff i n i ty fo r t h i o l  a n d  phosph ate 
co ntai n i n g  l igands .  Thus it affects the permeab i l i ty of t h e  membranes of 
k id ney, l ive r and b ra in  ce l l s .  Therefore ,  t h e  fu nct i o n i n g  of t hese t i ssues 
wo u ld b e  reduced o r  comp lete ly  b ro ke ndown ( Fo rst n e r  & Witt m a n n, 
1 98 1 ) .  Lead t e n d  to accu mu late  i n  t i ssues  e s pec ia l l y  i n  t h e  l i ve r  and 
k id n e y ,  t h u s  i t  co u l d  be red i st ri b uted  to  the bo n e s ,  teeth  and b ra i n  
( Duffus ,  1 983) .  
Seve ra l  stud i es have s h own t h at t h e re i s  n o  re lat i o n  betwe e n  
spec ies  feed i ng  hab i ts a n d  s ize o f  f i s h  a n d  concen t rat i o n  o f  te t raal kyl 
l ead in t i ssues (Moore & Ramamoorthy ,  1 984 ; Chau ,  et a l . ,  1 980 ) .  The  
sen s i t iv i ty to Pb o f  sma l l e r  fish  we re fo u nd more t han  larg e r  f i sh  due  to 
the h i g h e r  metabol ic rates o f  t he  smal l  f i sh  (Sore n se n, 1 99 1 ) .  Acute Pb  
ox ic i ty  was  found  i nv e rse ly  propo rt i o na l  to wat e r  h a rn ess ( S o re n se n ,  
1 99 1 ) .  Varanasi & G m u r , 1 978 ,  rep o rted that g i l l s  are t h e  most eff ic ien t  
s i te  o f  Pb u ptake . Seve ral  au t ho rs  h ave  fou n d  t h at P b  t e nd to  
acc u m u late h i ghe r  i n  k idney ,  g i l l , and  l i ve r  t i ssues  o f  d i ffe re nt spec ies 
d u ri n g  aqueous or  d ietary exposu res ( H o lco mbe ,  et a I . ,  1 976 ; Merl i n i  & 
Pozz i ,  1 97 7; Varanasi & G mu r, 1 978 ; Re ichert ,  et a l . , 1 979 ) .  
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Lead co ncent rat i on  i n  ske leta l  musc le  are lower  t h a n  t hose of 
ot h e r  t i ssues becau se of the low b ind ing  rate for Pb to su lfydry l  g roups i n  
m uscle ; a lso because o f  t he  low so lub i l i ty and restr icted re locat ion  o f  Pb  
sal ts ( Moore & Ramamoorthy, 1 984 ) .  The toxic i ty of lead o n  f ish  range  
f rom morta l i ty to sub t l e  e ffects o n  re product io n, g rowt h and behav iou r 
(Sore n se n ,  1 99 1 ) .  
Lead u ptake a n d  accumu lat ion  i n  g i l l , l ive r, k id ney ,  e ryt h rocy le  is 
p roport iona l  0 e xposure t i m e  and co ncentrat ion  (Hotco mbe ,  et a I ., 1 976 ) .  
The  p H  and tem peratu re of the  so lut ion  are i m portant  factors (Hotco mbe ,  
e t  a l . , 1 97 6 ;  M e r l i n i  & Pozz i , 1 9 7 7 ; S o m e ro, e t  a l . , 1 9 7 7 ) .  T h e  
accu m u lat i o n  o f  P b  i n c reases  w i th  i n c reas ing  p H  a n d  t e m p e rat u re .  
M o reove r, P b  accu m u lat i on  i s  a l te red  by sa l i n i ty w h e re f re s h  wat e r  
species accumu late more Pb than mar ine species  (So m e re ,  e t  a l ., 1 977 ) .  
C a d m i u m  
C ad m i u m  accu m u l ates  i n  g i l l, l i ve r  and kidney  of f i sh  t h ro u g h  
b i nd i ng  wi th  cyste i n e  res idues o f  meta l lot h ione in  o r  components o f  ot h e r  
Cd- b i n d i n g  p rote i n s  ( M o o re & Ramamoort h y ,  1 98 4 ;  So rensen, 1 9 9 1 ; 
Woodwort h ,  et a l . , 1 983 ;  Wofford & Thomas ,  1 9 84) .  The  h ig h aff in i ty o f  
Cd for  s u l fhydry g roups leads to an i ncrease i n  t he  b ioacc u m u lati on  and 
tox ic i ty of t he  e le me nt (Sore n se n ,  1 99 1 ) .  
Most pub l i shed e nvi ro n m e ntal  stud ies  ind icate t h e  C d  leve ls i n  t h e  
who le body o f  f ish ra nged f ro m  0 . 2  t o  8 . 0  p p m  on  d ry bas is .  Sore nse n ,  
1 99 1 , reported that m uscles have low Cd leve ls  because o f  t h e  e levated 
conce n t rat i o n  of cyst i n e  and me th i on i ne  in co m pari son  to  oth e r  a m i n o  
acids .  T h e  absence of  su l fhydry g roups i n  these su l fu r- ric h am ino acids 
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p lays a n  i m portant  ro le  i n  decreas i n g  Cd b i nd i ng  i n  ske leta l  m usc le 
( S o re n s e n ,  1 9 9 1 ) .  The Cd u ptake i s  i n f l u e nced by loca l i zat i o n  i n  
sed i m e nt co ntact , i n  t h e  bent h ic f i s h  t h e  who le  body leve ls  o f  C d  are 
h ig h e r  than pe lag ic f ish  ( Ney & Van Hasse l ,  1 983) . The Cd accu m u latio n  
i n  f i sh  i s  a lso affected by diet , i . e .  food habi ts .  
The most important  route of Cd u ptake is  gast ro i ntest i na l  t ract than 
t he  g i l l  route as t he  aquatic ecosyste ms beco m e  more contam inated wit h 
Cd (Sore nsen ,  1 99 1 ) . The  g i l l ,  l iver ,  k id ney and/o r g ast ro i nt est i na l  t rack 
t issu es are t he  most i m portant  o rgans  in Cd accumu lat ion  ( McFar lane & 
F ranz i n ,  1 980 ; Ney & Van Hasse l ,  1 9 83; Bende l l -You ng , et a l . , 1 986 ) .  
B e no i t ,  et a I . ,  1 976 ,  have exposed 38 .0  k brook t rout  to  3 . 4  p p b  of  Cd ; 
they found that t he  kid ney ,  l ive r ,  and g i l l accu mu late  t h e  g reatest amount 
of  Cd .  The g reater  leve ls of Cd fou nd i n  kid ney were more than  i n  l ive r  i n  
b rown t rout species (Gottofrey , et a l . ,  1 988 ) ,  ra i n bow t rou t  (Thomas ,  e t  al . ,  
1 985 ) ,  and  wh ite sucke rs (Bende l l-Yo u n g ,  et a l . ,  1 98 6 ) .  The  h e patic 
u ptake of Cd i n  few cases were found to be h i g h e r  t han  re na l  u ptake o f  
Cd  ( B o n n e l l ,  e t  a I . ,  1 9 60 ) .  i t  i s  fo und t hat Cd leve ls are h i ghe r  i n  l ivers 
t han  ske letal  m uscles .  I n  musc le Cd leve ls range  fro m 0 . 0 0 7-1 . 40 ppm ,  
d ry we i g ht ( McFar lane & Franz in  1 980 ; Bende l l -Young ,  et a I . ,  1 98 6 ;  and 
E I  N ab aw i ,  et a l . ,  1 9 8 7 ) .  The  h e pat ic and rena l  Cd  conce n t rat i o n s  
p rov ide u sefu l  i n fo rmat ion  i n  long -te rm expos u res b ecause of  i t s  b i nd i ng  
and mob i l izat i on  by  m eta l lot h i one i n  (So rese n ,  1 99 1 ) .  L iver te nd to be 
the  p re fe rred o rgan  fo r  Cd accumu lat io n i n  f ish  t han k idney because o f  
Cd  re leasi ng  wit h u ri n a ry p rote i ns  ( Fr ibery ,  e t  a I . , 1 974 )  as we l l  as t h e  
i ncreas i ng  of  vari abi l i ty i n  accu m u lat i on  patterns  i n  t h e  k idney compared  
wit h t he l i ve r  (Sm i t h ,  e t  a I . , 1 976) .  The k idney  tend t o  accu m u late Cd 
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co n t i nuou sly afte r  exposure ceases ,  as a resu l t of Cd red ist ribut ion f rom 
larg e  sto re s  i n  the  l ive r (Sorensen ,  1991) . 
C ad mi u m p o i s o n i n g m ay reach  h u m a n s  fo l l o w i n g  t h e i r  
co n s u m pt i o n  of cont aminated f i sh  o r  wate r .  I tai - I ta i  d i sease i s  an  
e xa m p l e  o f  Cd  intox icat i o n .  Res idents  of Toyama P refect u re (Japan ) 
fro m t h e  1940s to t h e  1960s ( F r iberg ,  et a i . ,  1974) , t h e  pat ients showed 
s ig n s  o f  oste ma lacia in bones  and ca lc i ficat i o n  and  pye l o n e p h r i t i s  i n  
kid neys ,  wh ich  re su l ted I n  ske leta l  de format i o n  and re na l  dysfu nction  
( M o o re & Ram amoorthy ,  1984).  The  Cd has  a l ong half- l i fe  ( 10-30 
years ) ,  t he refo re , the  i ngest ion of sma l l  amount  of co ntam i nated f ish ove r 
long  p e riods ,  and becau se of Cd accu m u lat i on  i n  o rg ans ,  may lead to 
cad mi u m  i ntox icat i on .  So consu mpt i on  of fi sh  wi th res idues o f  >0 .5 ppm 
wet weig h t  has been restr ic ted by reg u lato ry standa rd s  ( M o o re & 
Ramamo o rt hy ,  1984) . For  d i fferent a n i mals te ratog e n ic  and embryotoxic 
e ffect s o f  cad m i u m  have bee n docu m e nted ( Mo o re & Ramamoort h y ,  
1984. A lso cad m i u m  m ay lead to  ce l l u la r  d a m a g e  i n  feta l  vascu lar  
e ndot h e l i u m ,  t h e reby decreas i n g  u te ro - p lacenta l  b lo od f low,  anox ia  o r  
lack o f  e ssent ia l  nu tr ients may b e  resu I ted caus ing  fetal  death (Moore & 
R a m  a m o o  rt h y , 1 984 ) .  S eve r a 1 st u d i e  s h a v e i n d i cat e d a c a u s a  I 
re lat i onsh i p  between exposu re to cad m i u m  and cance r i nc idence .  
1 . 4 A i m  of W o r k  
Since t h e  ex p lo i tat i on  o f  t h e  oceans a s  fut u re sou rces o f  p rotei n  
due  to  t h e  g rowi ng wo rld popu lat i on ,  a g reater  co nce rn must be give n for  
m eta l  po l lu tion  p rob le m .  The  U n ited A rab E mi rates ( U A E )  is a coastal 
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co u n t ry .  I ts  s hores  ex tend a long a distance o f  700 k m .  Fis h e s  a re 
I mportant for the  UAE economy ;  they are co nsu med local ly and expo rted 
i n  s ign i f icant amount .  The f ish p roduct ion  i n  UAE in 1991 was est imated 
to be 92 t housand to ns .  
UAE i s  a co u nt ry wh ich  has  n o  base l i n e  i n fo rmat i o n  o f  the  
m ax i m u m  p e r m i s si b l e  co nce n t rat i o n s  of  h e avy  m et a l s  i n  fi s h e s .  
Therefore ,  study ing t h e  conce ntrat ion  o f  heavy meta ls  i n  mari ne  fishes  i s  
n o t  o n ly i m po rtan t  b u t  a l s o  wo u ld b e  u sed  as m a r i n e  p o l l utan ts  
i nd icato rs .  
Many s u bs tances  p o l l u te  the  m a ri n e  e n v i ro n m e nt b u t  n o n ­
b iodeg radab le  co m pou nds a re the  most dang e rous .  H eavy m eta ls  are 
notable for  t he i r  h igh tox icity .  The dangers i nvo lved f ro m  the prese nce of 
h eavy m eta ls In t h e  m a ri ne  e nv i ro n m e nt de rived not o n ly fro m t h e i r  
pers iste nce and tox ic i ty ,  but also t h e  re markable degree o f  conce ntrat i on  
t hey  unde rgo  t h roug h t h e  t roph ic  chai n ,  t h us  beco m i ng a se rious dan g e r  
t o  man .  These species c a n  e n t e r  the  mari n e  med ia  f ro m  various sou rces , 
e . g .  c ro p  spray ing ,  rai n fa l l ,  ru n -off f ro m  ag ri cu ltu ral land ,  d i rect en t ry fro m 
i ndust ria l  and sewag e eff l uent .  The detect ion  and dete rmi nat ion  of these  
meta ls  i n  d i ff e re n t  o rg a n s  o f  f i sh  a re  of g reat eco n o m ic and h e l at h  
i m p o rtance . 
I n fo rmat ion  conce rn i ng leve ls  o f  h eavy meta ls i n  /en tjan spec ies 
[Fami ly: Let h ri n idae (Toe lost) ] i n  Ras A I -Khai ma are scarce .  Therefore ,  
t h e  m a i n  objective o f  p resent  i nvest i gat i on  was to  e st i mate a n d  p rov ide 
i nform at ion  on  heavy meta ls leve l  (Cu,  Zn ,  Pb ,  M n ,  N i ,  C r, Cd ,  Co) t hat 
h av e  t e n d e ncy to b i o acc u m u l at e  v i a  m etabo l i c  a n d  b i o so rp t i o n  
p rocesses i n  5 organs ( m usc le ,  ski n ,  l ive r, k idney ,  heart )  o f  t he  Lethrinus 
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/en tjan spec ies .  The  cho ice of t h i s  species was ten tat ive as t hey are 
w ide ly consu med .  I t  i s  ho ped that t h e  app l icat i o n  o f  f la m e  ato m ic  
absorpt i o n  for  t he  determ i nat ion  o f  t h e  tested h eavy m eta ls  i n  certa i n  
types  of  f i sh  w i l l  g ive e nough data about the  meta l  conte n t  i n  t he  tested 
f is h o rgans  and cou ld be appl ied to oth e r  f ishes as we l l .  
Th i s  wo rk was h e ld to i nvest igate  t h e  re lat io n s h i p  betwe e n  m etal  
content  in d i ffe rent t i ssues and lengt h of the  fi sh  (ag e ) .  A lso to study t he  
d ist ri bu t ion  of such metals i n  f i sh  t issues .  
O n e  of  t he  most i m portant ai m i s  to i nvest igate  the max i m u m  
amoun t  o f  She iry f i sh  s h o u ld b e  co nsumed b y  U . A . E  re s ide nts t hat w i l l  
no t  e xceed the  max i m u m  perm issi b le  leve ls .  
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CHAPTER 2 
M ATERIALS AND METHODS 
2 .  Materials and M eth od s 
2 . 1 . R eage n t s  a n d  m at e r i a l s  
A l l  reag e n t s  used  w e re o f  a n a ly t i ca l  reag e nt g rad e :  co p p e r  
s u l p h at e  p e ntahyd rate C U S 04 . 5 H 2 0 ;  m a nganese  s u l p hate M n S 04 ; 
z i n c  c h lo r ide Z n C I 2; cad mium s u l p h at e  p e ntahyd rate CdS0 4 5 H 2 0 ;  
nit r ic  acid H N 03 and pe rch l o ric acid  H CI04 we re o f  a nalyt ical  reag e nt 
g rade  and  we re used wit hou t  fu rt h e r  p u ri f i cat io n .  Stock so lut io n s  ( 1  m g  
m l - 1 ) o f  t h ese e l e m e nts  w e re p re p a red  i n  d o u b l e  d i sti l led wat e r  by 
d i sso lv i n g  t h e  exact weig ht o f  each salt se parat e ly in 1 00 ml measu ri n g  
f lask a n d  t h e  so lu t ions  were di luted wi th doub le d i sti l l ed  wat e r  w h e n eve r  
i s  req ui red .  
2 . 2 .  S a mpl i ng a n d  prepa ra t i o n  
A tota l  o f  2 1 4 fis h  o f  Lethrinus len t  jan ( Fig. 2. 1 )  spec ies o f  bo th  
sex  w e re co l lected fro m  Ras A I-Khaimah  f i sh  market w hich is a m a rket fo r  
f i s h  c atch  f rom western  coast  o f  U nit e d  A ra b  E m i rat e s  ( Fig. 2. 2). 
S a m p li n g  was carried ou t  eve ry two weeks  t h ro u g h  t h e  pe riod of May 
a nd J u n e 1 9 93 .  E ach tim e  about  50 s a m p les  of d i f fe rent  s i zes  w e re 
co l lected ,  p laced i n  ice box, t ranspo rted  t o  t h e  labo rato ry and fi n al ly kept 
In  f re e z e r  p ri o r  to ana lys is .  
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F ig. 2 . 1  Lethrinus lent jan f is h 
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Once the  samples we re defrosted ,  t h e  tota l  body weig ht of eac h  
f ish was measured u s i n g  a Mett le r  Balance i n  g ram . T h e  standard length  
i n  m i l l i m et re u n it (from t h e  t i p  of t he  snout  to t h e  e nd of hypural  p late of 
the candal f i n )  was measured us i ng  a 50 cm measur ing  board before 
d issect io n .  S a in less stee l  k i ts we re u sed t o  d issect t h e  f i sh  o n  specia l  
board to obtain  an alyt ical samp le .  Sex was dete rm i ned by i n spect ion  of  
g o nads aft e r  open i ng the body cav i ty .  The  analys is was cond ucted for  
f ive t issues namely ,  m uscle ,  ski n ,  k idney , heart ,  and l iver .  The analyt ical 
sa m p l e  for f lesh t issue was taken from axial musc les  aft e r  the s ki n  was 
re moved and the p iece of sk in  was used fo r ana lys is  of heavy metals i n  
sk i n .  
T h e  body cav i ty  was ope ned to obta i n  heart ,  l i ve r  a n d  k id n ey 
sam p les .  Approx imate ly  2.0 g m  (wet weig ht )  of f les h ,  sk i n  and l iver  o r  0 .8  
gm (wet we igh t ) .  Fo r t h e  heart and  k i dney  samp les  t h e  t i ssues  were 
p o o l e d  tog et h e r  ( I n  case of i n su ff ic i e nt q u a nt i t i e s )  and  we re t h e n  
d i g e sted  a s  descr i bed be low .  The  t i ssues  we re p re s e rved i n  s m a l l  
po lye thy lene  bags i n  case w h e n  t hese were n o t  processed i m mediate ly 
afte r  iso lat ion  fro m  the  fi sh .  
2 . 2 . 1 . D ige s t i o n  P r o c e d u r e 
Destruc i on  of o rgan ic matt e r  o f  samp les  was carr ied out  by  wet 
d i gest i o n  p rocedu re as p rev io us l y  desc ri bed ( B a rak & Maso n ,  1990; 
C h ri st i a n ,  1980) .  The samp les  we re d i ge sted wit h conce ntrated n it r ic 
acid fo l lowed by a m ix tu re of conce nt rated n i t r ic  acid and pe rch lo ric acid 
(4 : 1  v/v ) .  
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T h e  p roced u re a p p l i e d  was a s  fo l l ows : I n  o rde r to  avo i d  
contami nat i on  mate r ia l  u sed i n  ana lys is ,  a l l  g lasswa re s were c leaned 
wi th  detergent  fo l lowed by 1 0% H N 03 so lut i o n  and repeated ly r i nsed 
wit h de ion ized wat e r . Standard s tock so lut i o n  of 1 000 ppm for  each 
e l e m e n t  was p repared f ro m  S O H  c h e m icals , E ng land .  Doub le  d ist i l l ed 
wate r was used i n  a l l  p re parat ion  and whe never is  requ i red .  
E ach thawed (p rev ious ly  we ighed)  sample was take n in  1 00-1 25 
m l  E rle n m eyer  f lask ,  8 m l  concentrated n i t r ic acid 70% ( R i ede l-de Hae n )  
was  added .  The  sa m p les  were t hen  kept on  a hot p late ( N icke l  E lect ro )  
ma in ta i n ed a t  b o i l i n g  po i nt t emperatu re p laced i n  f l o w  hood . H eati n g  
was con t i n ued ,  w i t h  occas io na l  shak ing  t i l l  t h e  vo l u m e  of t h e  re su lt i n g  
so lu t ion  reduced to 1 -2 m l  (about � -1  h o u r ) .  The  react io n f lask were 
t h e n  coo led to room te m pe ratu re and a 1 0  m l  m i xt u re o f  "Anala r" H N03-
H C I04 ( 4 : 1  v/v) was added and t h e  samples were t h e n  heated o n  a hot 
p late t i l l  t h e  d ig est io n comp leted (a l most � -1 hou r) .  H eati ng was t h e n  
co nt i n u ed u nt i l  d ry n e ss .  The  res idues  were t h e n  d i l uted  wit h wat e r. 
D ig e st i on  of t he  samp le was ca rri ed out  i n  batc hes  of 24-30 samp les  
and  a m i n i m u m  o f  two reage nt b lanks we re used w i th  each batch wh ich  
were ide nt ica l ly  t re at ed to  check for  poss i b le con ta m i nat i o n .  F o r  t h e  
samp les  wh ich cou ld not b e  co m plete ly d igested ,  fu rt h e r  t reated wi th  2-5 
m l  of t h e  d igest ion  m ix tu re and one  of t he  reagent b lank  was a lso t reated 
as we l l .  
I n  t h i s  p rocedure t he  n i t ric acid boi ls off a n d  care m ust b e  take n t o  
p revent  evapo rat i o n  o f  t h e  pe rch l o ric  acid to nea r  d ry n ess ( C h ri st i an ,  
1 980) . Fi na l l y ,  aft e r  d igest io n ,  t h e  samp les  we re left t o  coo l  at roo m  
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t emperat u re and the  fina l  so lut ion we re made u p  to 25 m l  with  de io n ized 
wat e r. 
2 . 2 . 2  A n a lyt i c a l  d e t e r m i n a t i o n s  
Ana lyses for heavy metals C u ,  Z n  and Cd were carr ied out  us i ng  
f lame atom ic  abso rpt i on  spect rophotom ete rs (G BC 906) equ i pped wit h 
backg rou nd co rrecto r, autosamp ler  and reco rder .  
M u lti e l e ment  standards  were pre pared for  a l l  the e l e m e nts  fro m 
1000 p p m  stock so lu t ions .  D i lut i on  o f  standards  was carr ied o ut us i ng  
deio n ized water  fo r  cal i b rat ion the  i n stru men t .  
A m e an of  t h re e  read i n g s  to each s a m p l e  was  re co rded ,  
s u bt racted f rom b l a n k  read i ng , t hen  ca lcu lated  u s i n g  t he  fo l low i n g  
equatio n :  
C (ppm)  = 
(X- B )  x V 
W 
C = E lement Concentrat ion  (ppm)  
X = Mean of t h ree read ings  (ppm)  
B = Blank read ing  (ppm) 
V = Volume (m l) 
W = Weight of sample (g m)  
2 . 3 .  E q u i p m e n t  
A G BC 906 F lame Ato mic Abso rpt ion Spect ro meter  wi th fue l- rich 
and sto ich io metric  a i r-acetyle ne f lames were used t h roug hout .  A i r  was 
supp lied t h rough  Pu 9003 ai r  co m p resso r, f i t ted wit h  ti lte r  and reg u lato r, 
m oistu re t rap ,  qu i te  ru n n i ng and o i l  f ree  pum ps; acetyle n e  was de live red 
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f ro m  cy l i nde rs aft e r  pass i ng  t h o u g h  co nce n t rated  s u l p h u r ic  acid fo r  
pu r i f icat i on .  The  opt i m u m  condi t ions  o f  coppe r ( I I ) ,  m anganese ( I I ) ,  z i nc  
( I I )  and cadm i u m  ( I I )  are tabu lated i n  Tab le  2.1. 
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T a b l e  2 . 1 .  
T h e  o p ti mum i n  trumen t a l  para m e t ers for d e t ermi n a t io n  o f  cop per ( I I ) ,  
z i n c  ( I I  , ma nga n e  e ( I I )  a n d  ca d mium ( I I ) 
by  a t omic a b  or p t ion s pectrom etry .  
eu Z n  --'l'l n  l d 
>.< Instn11l1ent Parameters 
S Y'tem Ty pe Flame Flame Flame Flame 
Mal1ix Acidic Water Acidic Water Acidic Water Acidic Water 
Lamp Current (m:\ )  · t o  5 . 0  5 . 0  3 . 0  
Wave length (111m) 3 _ -+ . 7  2 1 3 . 9  2 7 9 . 5  2 2 8 . 8  
S l it W idth (nm) O . S  0 . 5  0 . 2  0 . 2  
S l i t  Height N01111al NOll1lal 01111al J01111al 
Instrumen t .\ lode Abso l u te Be off Absol ute Be 0[[ Absol ute Be of[ Absolute Be off 
Sampling :'1ode A u to sam pl ing A u to sampl i ng A u lO s3mpl ing A u lO samp l i ng 
* Gas Parameter 
Flame Type A ir-Acetylene Air-Acetylene Air-Acetylene Air-Acetylene 
Acetylene Flow l . 5 1  1 . 2 8  1 . 6 1  1 . 20 
A ir Flow 1 0 . 3  1 0 . 0  1 0 . 0  1 0 . 0  
>.< S amQling: Parameters 
Delay Time(s) 2 2 2 2 
Rinse Time(s) 5 5 5 5 
Recalibration Rate 30 30 30 30 
Rescale Rate 1 5  I S  1 5  1 5  
Rescale S td. 010.  1 1 1 1 
* Data Col lection 
Parameters 
Read Time(s) 3 3 3 3 
Expansion factor 1 1 1 1 
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CHAPTER 3 
RE SU LTS 
3 .  R esults 
H e avy meta ls  a re pote n t ia l ly ha rmfu l  i n  t races to  m a n  a n d  h i s  
l i v i ng  re so u rces .  Wi th  i ncreased i ndus t ri a l i zat i o n  a n d  u rban i zat i o n  a 
who le gamut  of these i no rgan ic  water  po l lutants have fo u nd the i r way to 
f resh wate r  t h rough  natu ral  run of f ,  thus distu rbi ng  the de l icate ba lance of  
the aquat ic ecosystem res u lt i ng in  severa l  i r reg u lar i t i es  in  f i sh  p hys io logy 
(Swai n & S i nc la i r, 1 994 ) .  As f ish a re located on  t h e  e nd o f  t h e  aquat ic 
food cha i n ,  they may c learly ref lect the status  of  wate r qua l i ty and may act 
as an i nd icato r of water  po l l ut ion  i n  te rm s  of heavy m eta ls  content  ( B ryan ,  
1 98 4 ) .  T h u s  po l l u t i on  res u l t i n g  fro m t h e  u ptake ,  conce n t rat i o n  a n d  
ret e nt i o n  of  t h e  heavy m eta ls  b y  f i sh  may be m o n i to red t h roug  h f i sh  
ana lys is  and potent ia l  h ea l th  hazards fo r t he  co n s u m e r  m ay be ave rted .  
The refo re , i t  is i m portant to s tudy t he  contents of  the tox ic  e l e m e nts  i n  
mari n e  f i shes and o rgan isms because th ese are oft e n  u sed  a s  i nd icato rs 
of mari n e  po l lu t io n (Marce ,  1 987) and in add it i o n  to mo n i to r  t h e  sou rce 
po i nts and si tes of  dumpi ng g round .  
S eve ra l  i nvest igat ions  re lated to t he  heavy m eta l  d i st ribu t ion  i n  the  
aq u at ic  o rgan i sms  have been  u nde rtaken (J affar ,  e t  a l . ,  1 988) . H e avy 
m eta ls  when  present beyond t races are tox ic  to hu mans  s i nce t h ey may 
comb i ne  wi th  t h e  p rote i n s  and may not cause any  po i so n i n g ,  but when  
t h e i r co ncen t rat i o n s  e xceeds t he t o l e rance l i m i t ,  t h e y  b eco m e  a rea l  
h ea l t h  conce r n .  H e avy meta ls such as  c h ro mi u m ,  n i cke l ,  cad m i u m ,  
a rsen ic ,  m e rcury and lead are toxic po l l utants o f  t h e  aquat ic e nv i ro n m ent .  
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Some ot he r  e l ements  such as z i nc p roduce acute tox icity to  f resh  wate r  
f i sh  and invertebrates (Eaton ,  e t  a l . , 1 980 ) .  
I n  aquat ic systems the  avai labi l i ty of  a m eta l  to o rgan isms depend 
o n  many  p hysico-chem ical  as we l l  as b io log ica l  facto rs (Da l l i nge r, et a i . , 
1 987) .  Avai labi l ity i s  i nf l uenced by t he  che mical  speciat ion  of ion ic  m eta l  
f o rms ,  t h e  c h e m i st ry o f  wate r  and t h e  re lat ive d i st r i bu t io n of  m eta l  
be twe e n  so l ub l e  and  part icu late f ract i o n s .  I t  has  been  reported by  
Da l l i ng e r, e t  a I . , 1 987 ,  t hat t h e  meta l  u ptake as  we l l  as t h e  tox ici ty o f  
h eavy metal  may su bstant ia l ly depe nd o n  t he  chem ica l  species i nvo lved .  
T h u s ,  t h e  study re po rted h e re e m b race s the above c i ted o bject ives 
t h ro u g h  the fo l low i ng  co n s i d e rat i o n s :  F i rs t l y ,  i t  p re s e n t s  t h e  f i rst 
comparat ive data on t h e  heavy m eta l  contents  in loca l  f resh wat e r  f i s h  
a n d  re l evant  wate rs ;  second l y ,  i t  att e m pt s  to  estab l i s h  a co rre l at i o n  
betwee n  the  heavy t race meta l  contents  i n  t h e  loca l  water  a n d  re levant 
wat e r  so t h at a backg ro u n d e n r i c h m e nt rat i o  cou ld  be def i ned  fo r  
po l l ut i o n  f ree area  o f  catc h ;  t h i rd ly to dete rm ine  whe the r  t hese leve l s  o f  
heavy  m eta ls  co nst i tute a hea l th  h azard f o r  t h e  co nsum e rs ;  and f i na l ly ,  
t h e  resu lts obtai ned we re reviewed f ro m  t h e  v iew po in t  of  t race esse nt ia l  
m eta l s  con ten t i nc l ud i ng  z i n c ,  coba l t ,  copper ,  n icke l ,  c h ro m i u m  and 
manga nese and non -essent ia l  meta l s  l ead and cad m i u m  in  f ive o rg ans 
n a m e ly m u scle , l i ve r ,  k id ney ,  h eart and  sk i n  o f  Let h ri ndae fam i ly f is h .  
T h e  c hoice o f  t h ese species was te ntat ive a s  they are wide ly co nsu med 
i n  t h e  U n ited Arab E m i rates and so m e  of  the m are cu rre nt ly under  study 
fo r e x p ress ion  of ou r  export market .  Att e m pts  were a l so made to study 
t h e  d i st ri bu t ion  and bi oaccu m u lat io n of  t h e  tested m eta ls  in the various  
t i ssues and corre late t i ssue leve ls  w i th  t he age and sex of  f ish  ( Le thrinus 
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/en tjan) i f  possi b l e .  Thus  it beca me i mperat ive to est i m ate  t h e  h eavy 
m eta l  contents fro m  a nu t ri t iona l  and a hea l th hazard po in t  of  v iew.  
The ana lys is  o f  2 1 4 Lethrinus Lent jan f i shes  for  co ppe r , z i nc ,  
manganese ,  n icke l ,  coba l t ,  ch rom i u m ,  lead and cad m i u m  in  the i r  m usc le ,  
l i ve r, sk i n ,  k id ney and heart were ca rri ed out  fo r fe ma le ,  ma le  and not  
dete rm i n ed sex (N)  f ish  at  d i ffe rent ag es .  I n  o rde r to avo id contam i nat io n ,  
mat e ria l  used i n  ana lys is  we re pyre x  a n d  polyet hy le n e .  G lass mater ia l  
was s u bject to an o rd i na ry wash and su bsequent ly  t reated wi th H N03 1 : 1  
for  4 h o u rs and re peatedly ri nsed with d ist i l led and de ion i zed wate r. 
3 . 1 . D i st r i b u t i o n  o f  essen ta i l  e l e m e n t s  i n  t h e  d i f fe r e n t  f i s h  
t i s s u e s  
The ana lyses o f  t he  tested essent ia l  meta ls name ly copper, z inc ,  
manganese ,  coba l t ,  ch ro m i u m  and n icke l  we re ca rr ied out  i n  t he  o rgans  
m usc le ,  l ive r, sk i n ,  k idney  and heart  of Lethrinus Lent jan spec ies .  
D i st r i b u t i o n  o f  c oppe r 
Coppe r i o n s  a re ab le  to  accu m u late i nto  most of  t h e  f i sh  o rg a n s  f ro m  
nat u ra l  f re s h  wate r  o r  f rom any o t he r  sou rces .  A m ajo r i ty o f  s tud ies  
re l ated to  coppe r  ions co nce n t rat i o n s  i n  aq uat ic o rg a n i s m s  e m p has ize  
b ioacc u m u lat i on  ( the  ab i l i ty  o f  an o rg an i sm to  co ncen t rate an  e le m e nt 
above ab iot ic env i ro n m e nta l  l eve ls )  o r  b io mag n i f icati o n  ( the tende n cy fo r 
e l e m e nts  to be co nce nt rated wi th t rop ic  leve l ) t ra n sfe r (V i n i ko u r, e t  a i . , 
1 98 0 ) .  The  u ptake o f  co ppe r  i n  t h e  vari ous  f i sh  o rg a n s  i s  c ri t i ca l l y  
examined .  The accu m u lat ion patte rns  of  copper  i n  l iver ,  sk in  and m uscle 
of  fe ma le  and male i s  su m marized in F ig . 3 . 1 and Table 3 . 1 .  I t  can be 
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Ta b l e  3.1 
l\ l ea n  (± D )  hea"y  met a l  concen t ra t io n  in Lefhrill 11S Lell tja 71 [fe m a l e, m a l e  and 
n u tra l ( n o t  d e t ermined sex - N ) ]  t issues ( p p m )  
co l l ec t ed from R a  A I  K h a i m a  ( U . A . E  coast w a t er )* 
Tissu e S e x � o .  * * Cu Zn 1\ 1 n  C d  
Female I �O 5 . 6 1 ± 1 . 9 7  70 .08±3 8 . 6 2  1 . 3 5±0 . 2  0 . 7 8±0. 3 3  
Liver A l ale  " 3 . 5 2±0. 2 5  3 4 . 1 ±4 . 7  0 . 9 7 ±0. 2 1  0 . 6 3±0. 1 2  
:\ 29 - L � 3±O. 5 8  3 9 . 54±2 . 7 8  1 . 1 5-0.05 0 . 5 1 -0 . 2  
1 9 1  x � . 8  ± 1 . 7 1  5 5 . 3 ± 3 2 . 9 8  l . 2 2±0 . 2 3  0 . 66±0 . 2 8  
Female 1 39 0 . 2  ±0.08 4 2 . 2 8 ±8 . 5 1 0 . 1 2 ±0 . 0 3  0 . 08±0 . 0 3  
S kin � 1aje 22 0 . 4±0. 1 8  3 l . � 2±2 . 9 5  0 . 1 1 ±0 . 2  0 . 06±0.07 
;.; 39 0 . 3 5±0. 1 4  3 7 . 7 5± 8 . 1 0 . 2 7 ±0. 1 2  0 . 1 1 ±0.08 
.:WO x 0 . 3 3 ±0 . 1 3  .., . 59±8 . 3 5  0 . 1 6±0. 1 1  0 . 08 ±0.06 J 
Female 1 50 0. 1 7:::0 .06 3 . 3±0 . 2 8  0 . 1 ±0 . 0 2  0 . 1 2±0.02 
1 uscle :t\ 1a1e 2 1  0 . 1 6±0. 02 2 . 8 2±0. 1 5  0 . 0 8 ±0 . 0 2  0 . 09±0. 0 1  
� -B 0. 1 8±0. 1 1  3 . 6 1 ±0 . 4 5  0 . 1 3±0.02 0 . 1 1 ±0.04 
2 1 4  x 0 . 1 7±0.06 3 . 3 1 ±0. 39 0. 1 1 ±0 . 0 2  0 . 1 1 ±0.02 
* 
x is the m'erage COllcenfraliol l  of the elemellt in female, male and N tissues. 
* 'D = Not deleCled 
* *  umber of fish sample 
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see n t hat the  accu m u lat ion  of  coppe r i n  musc le ,  sk i n  and l iver  fo l low t h e  
o rder :  
l i ve r > s k i n > m u s c l e  
a n d  t h e  h i g hest va l ues  o f  copper  i n  l iv e r  were fo u nd i n  f ema le  as 
co m pared to male .  
The copper  content  in  ma le and  f ema le  i n  t h e  d i f f e re n t f i s h  
o rgans ,  e . g .  l iver, sk i n  and m u sc le  were found  to depend on  t h e  f i sh  
s i ze .  The  resu l ts o bta i ned a re s u m m a ri zed i n  F ig s .  3 . 2-3 . 4 .  The  
ave rage copper  co ncent rat i on  ( Table 3. 1 )  i n  sk i n  and m u sc le fo r fe ma le  
we re found to be  0 . 28  ± 0 .08 and 0 . 1 7  ± 0 .03  ppm ,  w h i le i n  male f i sh  the  
mean  concentrat ion of coppe r were found  to be 0 .40  ± 0 . 1 8  and 0 . 1 6  ± 
0 . 02 p p m ,  respect ive ly . I n  l i ver  ( Table 3. 1 )  t h e  m e a n  co nce n t rat i on  o f  
copper  i n  fema le  and ma le  were found  to be 5 .6 1 ± 1 . 97  and 3 .52 ± 0 . 25 
p p m ,  res pect ive ly .  I n  t h e  mu scle t i ssues  ( Fig. 3. 4) t h e  h i g hest co ppe r 
co nce ntrat ion  we re fo u nd h i ghe r  i n  sma l l e r  f ish  s ize t han  larg e  f i sh  s ize  
and  atta i n ed a co n stant va lue a t  larg e  f i sh  s i ze .  A c lear  dec l i n e  i n  the  
copper  conte nt i n  t h e  f i sh  m u sc le were o bserved at  1 6  c m  f i sh  l eng th .  
The  accu mu lat ion  of  copper  conce nt rat i on  i n  t h e  f i sh  l i ve r  i s  dependent  
o n  the  f i sh  l ength ( Fig. 3.2) . The accumu lat ion  pattern of  copper  i n  l ive r 
and the  d i ffe rent sex fo l low the  o rde r :  
ma l e  < f e m a l e  
at mode rate f ish le ngth ( 1 7-2 1 c m ) .  I n  t h e  f i sh  sk in  ( Fig. 3. 3) t he  
coppe r  concen t rat i on  decreases at sma l l  f i s h  s i ze  a n d  i n c reases wit h 
i nc reasi ng  f ish  length u p  to 24  cm .  
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The mean co nce nt rat ion  of copper i n  t he  heart and k idney ( Table 
3. 2) we re fo u n d  to  be 3 . 87 ± 1 . 26 and 3 . 25 ± 1 . 52  p p m ,  res pect ive ly .  
Standard deviat i on  and standard e rro r i n  both h eart a nd k id ney are a lso  
g ive n i n  Table 3 . 2 .  
D i st r i b u t i o n  o f  z i n c  
T h e  b ioaccu m u lat ion  o f  z i nc i n  l i ve r, sk i n  a n d  m u sc le  o rg a n s  fo r 
female a nd ma le  of  Lethrinus lent/an f ish i s  summarized i n  F ig .  3 .5 .  The  
res u lt s  o bta ined f ro m  t h e  ana lyses of f ish  i n  fema le  and  ma le  fo l low the  
sequence of  o rder :  
l i ve r > s k i n > m u s c l e  
T h e  m e a n  co nce n t rat i o n  o f  z i nc i n  t h e  musc le ,  sk i n a n d  l ive r  was fou n d  
3 . 3 1  ± 0 . 39 , 55 .3  ± 3 2 . 9 8  a n d  38 .59 ± 8 .35 ,  respect ive ly ( Table 3. 1 ) .  
T h e  accu m u lat i o n  o f  z i n c i n  l i ve r a n d  s k i n  was found  s l i g h t ly 
depend o n  t he  f i sh  s ize .  The obtai nab le  res u lts are shown i n  F igs .  3 .6-
3 . 8 .  S l ig ht ly  i nc rease i n  z inc  conte nt i n  l ive r and ski n was fo u nd at l a rg e  
fi s h  s i z e  as compared to  sma l l  f ish s ize ( Fig. 3. 6) . The acc u m u lat i o n  o f  
z i nc  i n  l ive r f i sh  of  fe ma le  (Fig. 3. 7b) was fou nd h ig he r  t han  i n  ma le  ( 1 7-
20 c m ) . M o re o r  less  s im i l a r  behav iou r  was a lso  obta i ned  i n  t h e  z i nc 
co nten t  in  fe ma le  sk in  as com pared to male at moderate f i sh  s ize ( 1 7-
20 c m ) as s hown i n  F ig .  3 .8b .  
The  re lat i onsh i p  betwe e n  the  z i nc  co nte nt  i n  f i s h  musc le  and t h e  
f i s h  s i z e  was a lso i nvest igated .  T h e  resu lts obta i ned  a re g iv e n  i n  F ig . 
3 . 9 .  The  z i nc co nce nt rat i on  i s  s l ig ht ly decreases wi th i n creas i ng  f ish  s ize 
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Ta b l e  3 . 2  
L e v e l  o f  h e a \'.)  m e t a l s  i n  Le thrill 11 S la ll tja n h ea rt a n d  k i d n ey i n  
poo l ed a m p l es* 
E l e me n t K i d n e y  t d . S t d .  I I ea r t  S t d .  
" D e \' . Error  'X D e v .  
C u  " ") -,) . - )  1 . 5 3  0 . 2 2  3 .  7 1 . 2 6  
Zn '+ 3 . 2 6  1 6 . 7 2 . 4 6  3 2 . 3 8  1 0 . 1 9  
�ln 0 . 64 0 . 2 4  0 .04 0. 3 1  0 . 1 7  
Co 0 . 6 1 0 . 4  0 . 0 6  0 .9 1 0 . 7 3  
Cr 0 . 2  0. 1 8 0 . 0 3  0 . "' 8  0 . 29 
Y • 1 O . L  0 . 6 2  0 . 1  0 .97  0 . 7 4  
P b  l .  3 1 . 5 1  0 . 2 6  2 . 64 2 .06 
Cd 0 . 3 0. 1 4  0 . 0 2  0 . 3 4  0 . 2 3  
;;: x represent rhe meal1 of n = 5 l7leasuremellts. 
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S t d . 
E rror 
0 . 1 8 
1 .47  
0.03 
0. 1 2 
0.06 
0 . 1 '+  
0 . 3 4  
0.04 
u p  to 20  cm ( Fig. 3. 9a) . The seq ue nces o f  z i nc co nten t  i n  fema le  and 
ma le  f i sh  ( Fig. 3. 9b) fo l l ow the orde r :  
fema l e  > m a l e .  
The  d is t r ibu t ion  o f  z i n c  conten t  i n  f i s h  heart a n d  i n  k idney  was a lso  
I nvest igated and the  re su lts obtai ned a re g ive n in  Tab le  3 .2 .  The mean 
co ncent ratio n  of  z i nc i n  heart and k idney was fo u nd to be 32 .38 ± 1 0 . 1 9  
and  43 .26  == 1 6 .87,  ppm respective ly .  
D i s t r i b u t i o n  o f  ma nga n e se 
Many su bstances p o l l ut e  the  m a r i n e  e n v i ro n m e n t ,  bu t  n o n ­
b i o de g radab le  co m p o u nds  a re t h e  m o st d a n g e ro u s  ( B ry a n ,  1 98 4 ) .  
Manga nese is  nota b le  fo r i t s  to x ic i ty and the  dangers i nvo lved f ro m  i ts 
occu r rence  I n  t h e  m a r i n e  e n v i ro n m e nt d e r i ve  n o t  o n l y f ro m  i t s  
pe rs iste nce and toxic i ty bu t  a lso the  re markab le  degree of  co nce n t rat io n .  
Mang anese spec ies  u nde rgo t h rough  t h e  t rop ic cha i n ,  t h u s  beco m i ng a 
s e ri o u s  danger  to m a n .  The b ioaccu m u lat i on  of  manganese i n  mari n e  
o rg an i sms ,  e . g .  f i sh  depe nds o n  exposure t i m e  a n d  meta l  co nce ntrat ion  
i n  the  wat e r  (B  rya n ,  1 98 4 ;  Marce ,  1 9 87) . Th e re fo re , meta l  l eve l s  i n  
m a ri n e  f i sh  can  be  reached m uch h i g h e r  va lues  t han  t hose  i n  the  sea 
w at e r  ( B rya n ,  1 9 8 4 ) .  Ot h e r  fact o rs af fect i ng b i o accu m u l at i o n  o f  
m a n g an e se i n  f i sh  a re phys i o log ica l  cond i t i o n s ,  g rowt h ,  sa l i n i ty and  
t e m p e ratu re ,  ag e ,  pos i t i on  re lat ive  to s h o re l i n e  and  wat e r  depth  and  
po l l utan t  i nte ract i ons  ( H e rnadez , e t  a l . ,  1 9 90) .  O n  t h e  o the r  hand  t h e  
mang anese to x ic i ty fo r t h e  mari ne  o rgan i sms  i n  part icu la r  f i s h  depe nds 
a lso on facto rs such as temperatu re ,  hardness and sa l i n ity .  
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The ana lyses of  manganese i n  f i sh  l iver ,  sk i n  and m usc le  were 
carr ied out  fo r f ema le  a n d  ma le  f i sh .  F ig . 3 . 1 0  s hows t h e  ave rag e 
concen t rat i on  o f  manganese  i n  t h e  t h re e  o rg a n s .  The  accu m u lat i on  
patte rn of  manganese i n  t he  l iver, ski n and m uscle  fo l low t h e  o rder :  
l i ve r  > sk in  > m u s c l e  
a n d  the  ave rage conce nt rat i o n  of  manganese  was fou ndO . 1 1 ± 
0.02,  0 . 1 6  ::!: 0 . 1 1 ,  1 .22 ± 0 . 233 p p m  i n  m u sc l e ,  s k i n  a n d  l i v e r , 
res pect ive ly .  
The b ioaccu m u lat i on  o f  mangan ese i n  l ive r was found to  depend 
o n  f i sh  s ize and sex . The resu lts obta ined are s u m marized i n  F ig .  3 . 1 1  . 
It can be not iced that t he  acc u m u lat i on  pattern  of manganese atta ined a 
co nstant va lue a round 1 . 3 ppm i n  t h e  range  1 4-22 c m  f ish s ize i n  f i sh  
l i ve r  and  s l i g h t ly decreases a t  la rg e  f i sh  s ize (�23 c m ) . The  ave rag e 
co ncent rat i on  of  mangan ese i n  f i sh  l i ve r  of fema le  was found h i g h  as 
co m pared to male f ish at mode rate f i sh  size 17-20 cm wh i le at sma l l  f i sh  
s ize  (�1 7 cm)  no d i ff e re nces in  manganese content  i n  fe ma le  f i sh  was 
dete rm i ned .  The manganese co ntent  i n  f i sh  l i ve r of  fema le  ( Fig. 3. 1 1  b) 
i nc reases with i ncreas ing f ish siz e .  
The  accu m u lat i o n  o f  m a nganese  i n  f i sh  sk i n and m u sc le  we re 
found to depend on fi s h  size and sex .  The  obtai nab le  resu lts  a re g iven  i n  
F igs .  3 . 1 2  and 3. 1 3 . I n  f i sh  ski n (Fig. 3. 12) t h e  d ist ribu t ion  o f  manganese 
was fo u n d  h ig h fo r  s m a l l  f i sh  s ize  1 2- 1 3 cm (ap p ro x i m at e ly 0 . 32 ppm)  
.The  concent rat i on  patte rns  o f  manganese i n  f i sh  m u sc le  we re fou nd  
h igh  fo r sma l l  f i sh  s ize  and decrease s w i th  i n c reas i ng f i sh  s i ze  ( Fig. 
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3. 1 3) .  The  d ist ri but i on  of manga nese i n  t he  m uscle fo r ma le  and fema le  
fi s h  fo l low the o rder  ( Fig. 3. 1 3) :  
fe m a l e  > m a l e  
a t  f ish s ize 1 8-20 c m .  
T h e  accu m u lat i on  o f  manganese i n  f ish k idney a n d  f i sh  heart was 
a lso  i nvest igated ( Table 3. 2) . The co nce ntrat io n o f  m a ngan ese i n  f i sh  
heart was fo u nd to be 0 . 3 1  ± 0 . 1 7  ppm wh i le  fo r f i sh  the k idney was 
fou nd equa l  to 0 . 64 ± 0 . 24 .  
3 . 2 . D i s t r i b u t i o n  o f  n o n - e s s e n t i a l  e l e m e n t s  
T h e  non -essent ia l  e l eme nts cad m i u m  a n d  lead h ave been shown 
to e x e rt a w ide range  of  effects on  f i sh  f rom m etabo l ic  and p hys io log i ca l  
to be h av io ra l  and eco log ical  (Forst n e r  & Witt m a n n ,  1 9 8 1 ) .  The  effects 
o bse rved  i nc lude  d i st u  rbances in o s m o reg u lat i o n ,  res p i  rat i o n ,  t i s sue  
da mag e ,  reduced e n e rg et ic resou rces and poor  p e rformance (G haza ly ,  
1 992) . The  extent  of such effects depends o n  the i n he re nt to x icity of t h e  
meta l ,  i t s  concen t rat i o n ,  i t s  c h e m ica l  fo r m ,  t h e  s p e c i e s  affected , t h e  
a n i m a l  cond i t ion a n d  the  characte rist ic o f  t h e  m i l i eu .  
D i st r i b u t i o n  o f  c a d m i u m  
Cad m i u m  i s  t he  most ser ious  meta l l ic  contam i nant wh ich man has 
to  dea l  i n  t h e  latt e r  pa rt of t h e  twe nt ie th  cent u ry .  C ad m i u m  f reque nt ly 
p resen t  i n  d i scharges  f ro m  indust ria l  p rocesses i s  o f  g reat i m po rtance to  
t hose co ncerned wit h t h e  su i tab i l i ty of wate r  fo r  aqu at i c  l i f e ,  e specia l ly 
fi sh  because of t h e  re lat ive ly  h igh  tox ici ty .  Cad m i u m  has  bee n shown to  
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exert  a wide range of effects o n  f ish , f ro m  m etabo l ic  and p hysi o log ical  to 
behav io ra l  and eco log ica l .  Thus ,  cad m i u m  has bee n cons idered one of  
the most hazardou s  e nv i ro n me nta l  contam i nants res u lt i ng  f ro m  modern 
i n d u st r i a l i zat i o n  and s u bseq uen t l y  i t  has bee n t h e  s u bject o f  many  
stud ies  re lated to i t s  h u man hea lt h effects .  Thus ,  t h e  p u rpose of t h is 
study has  bee n focussed o n  t h e  quant i tat ive measu re m e nt s  of cad m i u m  
i n  t he  d i ffe re nt f ish organs  for ma le ,  female . 
Cadm ium leve ls i n  the  f ish l iver ,  ski n and m u sc le a re p rese nted i n  
F ig .  3 . 1 4 . The accu m u lat ion  pattern o f  cadm ium i n  l ive r, sk i n and m uscle 
fo l low the o rder :  
l i ve r  > m u sc l e  > s k i n .  
I n  f i sh  l iver (Fig. 3. 35) , the  concentrat i on  o f  cad m i u m  was found to 
depend o n  f ish s ize and sex .  
T h e  data i n d i cat ed t h at t h e  cad m i u m  l e v e l  i nc reases  w i t h  
i ncreas i ng  f i sh  s i ze  ( Fig. 3 .  1 5a) and t h e  accu m u lat i on  behavi o u r  fo l [ow 
the o rde r :  
f e m a l e  > m a l e  
a s  shown i n  F ig u re 3 . 1 5b except a t  f i s h  s ize  1 8  c m .  [ n  con t rary ,  t h e  
cad m i u m  leve l  i n  f ish sk in  and f ish  m usc le at d i ffe re nt f i sh  s ize ( Fig. 3. 1 6) 
i s  h i g h at s m a l l  f i s h  s i ze  as  com pared  to la rg e  f i s h  s i ze  w i th  few 
e xcept ions  at 1 8  and 1 9  cm f is h length .  
The  d ist ri but io n of cadm ium i n  f i sh  sk i n a t  d i ffe re n t  f ish s ize for  t h e  
d i fferent s e x  i s  g iven i n  F i g .  3 .37 .  [ t  i s  c lear  t hat cad m i u m  concentratio n  
i n  f i s h  s k i n  decreases a s  t h e  f i s h  l eng th  i ncreases u p  t o  1 7  c m  wit h 
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except i on  at fi s h  l eng t h  1 8  and 1 9  cm as shown i n  F ig u re 3 . 1 7a .  The  
concentrat io n  pattern of cad m i u m  i n  t h e  dif fe re nt sex a t  various  f is h s i ze  
fo l low the  o rder :  
fe m a l e  > m a l e  
at f i sh  s ize  1 7-20 c m  a n d  fema le  f ish atta ined a constant  va lu e at fi s h  
length  1 4-1 7 c m  and 1 9-23 cm (Fig. 3. 1 7b) . 
The d istr i bu t ion  of cad m i u m  i n  f ish musc le  o f  d i ffe re nt fi s h  sex  at 
d i f ferent  f i sh  l eng th  i s  s u m marized i n  F i g .  3 .38 .  At s m a l l  f i sh  s ize  t h e  
concentrat ion  o f  cad m i u m  i n  m uscle is s l i g ht ly h i ghe r  t h a n  larg e  f ish s ize 
f i sh  ( Fig. 3 .  1 8a) . The cad m i u m  leve l  in  fe ma le  ( Fig. 38b) i s  not iced 
h ig h e r  t han ma le .  
The cad m i u m  leve l i n  f i sh  k id ney is  fou nd lower  t han  Cd leve l i n  
f i sh  h e a rt .  T h e  ave rag e concent rat i on  i n  heart was fo und  0 . 34  ± 0 . 2 5  
p p m  and  i n  k idney i t  was fo und  e q u a l  t o  0 . 3  ± 0 . 1 4  p p m  as s h own i n  
Tab le 3 . 2 .  
3 . 3  D i st r i bu t i o n  o f  esse n t i a l  a n d  n o n -es s e n t i a l  e l e m e n t s  i n  
t h e  d i f fe re n t  f i s h  o rga n s  
I t  I S  known t h at  t race e I e  m e  nts e x e  rt pos i t i ve  0 r n e g at i ve  
i n f l u e nce o n  p l an ts .  a n i ma l s  a n d  human  b e i n g s .  Some  o f  t h e s e  
e l e m e nt s  a re essen t i a l  t o  s u sta i n  b io log ica l  l i f e ,  and  a l s o  t h e y  a re 
essen t i a l  fo r  opt i ma l  h u m a n  g rowt h ,  deve l o p m e nt ,  ac h i ev e m e nt a n d  
re p ro d u ct i o n  ( Fo rst e r  & Wi tt m a n ,  1 9 8 1 ) .  Ot h e r  e l e m e nt s  a re  
n o n esse n t ia l  ( e . g .  Cd ,  P b ,  Hg ,  B i , etc) , s i nce they  are  no t  se rv i n g  a 
benefici a l  b io log ical  fu nct i on  (Forste r  & Wittman ,  1 98 1 . 
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3 . 3 . 1  D i s t r i b u t i o n o f  esse n t i a l  e l e m e n t s  
Copper ,  manganese ,  co bal t ,  z i nc,  c h ro m i u m  a n d  n icke l  are we l l  
k n o w n  to be essent ia l  e l e m e nts  ( Marqu is ,  1 989) .  The refo re , a detai led 
i nvest igat i on  of  these e lements are cri t ical ly i nvest i gated .  
The co ncentrat i on  behav iou r  of  t he  tested essen t ia l  e le m e nts  i n  
f i s h  l i ver  at d i f fere nt f i s h  s izes i s  sum marized i n  F ig u re 3 . 1 9 .  The copper  
conce nt rat ion  i n  f i sh  l iver  was fou nd to be the  h ig hest as com pared to Mn  
a t  a l l  f i sh  s izes ,  wh i l e  t he  z i nc content i n  f i sh  l ive r ( Table 3. 1 )  was found 
h igh as compared to ot h e r  tested e l eme nts .  
I n  f ish  sk i n ( Fig. 3. 20) at  f i sh  s ize 1 7-24 c m ,  t h e  concent rati on  of  
co pper  was fou nd h i g h  as com pared to other  esse nt i a l  e l e ments except 
z i nc ( Fig. 3. 6) . The concentrat ion patte rn fol !ow the o rder :  
Z n  > Cu 
I n  f i sh  musc le  ( Fig. 3.2 1 )  t h e  concent rat i on  o f  the  e l e ments  i s  
decreased s l i ght l y  wit h i nc re asi ng  fi sh  s i ze .  The  co nce nt rat i ons  of  the  
e l ements  i n  t he  f ish m uscle fo l low the  o rde r :  
Z n  > Cu > M n  
I t  can be not iced that ch ro m i u m  ( Table 3. 1 )  i n  t h e  d i ffe rent  f i sh  
o rgans  name ly l ive r, ski n and muscle have the  lowest concentrat ion  i n  a l l  
t hese t i ssues ,  wh i le z i nc  have the  h ig hest accu mu lat io n .  
I n  t h e  d i ffe re nt f ish  o rgans  t h e  conce ntrat i ons  patte rn o f  Z n ,  C u ,  
a n d  M n  fo l low t h e  o rde r :  
l i ve r  > s k i n  > m u s c l e  
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The d ist ri but i on  patte rns  of t h e  d i fferent  e ssen t ia l  e l e m e nts i n  
k i dney  a n d  heart a re s u m m a rized i n  Tab le 3 . 2  a n d  F i g .  3 . 2 2 .  T h e  
accu m u lat ion  pattern i n  k id ney fo l low t h e  o rder :  
Z n  > C u  > Mn 
whi le  i n  heart i t  fo l lows the  o rder :  
Z n  > Cu > M n .  
3 . 3 . 2  A c c u  m u l a t i o  n b e h a v i  o u  r o f  e s s e n t i a l  a n d  n o n e s s e n t i a l  
e l e m e n t s  i n  t h e  d i f fe ren t  f i s h  o rga n s  
T h e  d ist ri but i on  behav iou r  o f  t h e  tested e le m e nt s  i n  l ive r ,  sk i n  
and m usc le are summarized i n  Fig s .  3 . 46 - 3 . 48 and Tab le  3 . 1 .  I n  l ive r 
t i ssue  ( Fig. 3.23) t he  accu m u lati on  pat tern  of t h e  i nvest igated e l e m e nts 
fo l low the sequence : 
Z n  > Cu > M n  > Cd 
Also in sk in t issue ( Fig . 3. 4 7)  t h e  seque nce of  the meta ls  fo l low t h e  
o rder :  
Z n  > C u  > M n  > Cd 
I n  musc le  t i ssue ( Fig. 3.25) t h e  o rde r  o f  accu m u lat i on  be havio u r  
o f  t h e  d i fferent e le ments  fo l low t h e  o rde r :  
Z n  > C u  > Cd _ M n  
T h e  d ist r ibut i on  be havi o u r  o f  t h e  d i ffe re nt e l e m ents  i n  t h e  f i sh  
k id ney and heart a re g iven i n  F ig . 3 .22  and Table 3 .2 .  I n  t he  k idney i t  can 
S 4  
b e  n ot i ced t hat t h e  acc u m u lat i o n  o f  t he tested e l e men ts  fo l low t h e  
seq u e n ce : 
Z n  > C u  > M n  > Cd 
However  i n  t he  f i sh  heart the  sequence 
Z n  > C u  > Cd > M n  
was ach ieved .  
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CHAPTER 4 
DI SCU S S ION 
4 .  Discussion 
H e avy me ta l s  re l eased  bo th  na tu ra l l y  a n d  t h roug h h u m a n  
act iv i t i es  may accumu late i n  aquat i c  e nv i ro n m e nt .  O rgan i sms  l i v i ng  i n  
c o nt act w i t h  s ed i m e nt w h e re m et a l s  accu m u l at e  a re k n o w n  t o  
conce nt rate t race m eta ls i n  t h e i r  body t i ssues .  Because o f  t h e i r  tende ncy 
to concentrate po l lutants  of v arious  k inds f ro m  the i r e nv i ro n me nt ,  ce rta i n 
a n i m a l s ,  e . g .  f i s h  have b e e n  fo u nd use fu l  as  i nd i cato r o rg a n i s m s  
(Sch u h macher, e t  a i ,  1 992 ) .  The refo re ,  t race meta l  co nce nt rat i ons  i n  
stat i o n a ry f ish cou ld  b e  poss i b l e  i nd icato rs i n  areas affected b y  h u man  
act iv i t ies .  The use of  f i sh  fo r  mo n itor ing t re nds of t race meta ls has  been  
reco m m e nded by  ICES ( I nternat iona l  Cou nci l  for  E x p lo rat i on  o f  t he  Sea) .  
O S PA RCOM (Oslo and Par is Com miss io n ,  1 99 1 ) has  a lso ag reed u po n  
us i ng  t race meta ls i n  f i sh  a s  a mon ito ri ng  techn ique  i n  t he i r  p rog rams  fo r 
assess i ng  t he  eff ic ie ncy of co nt ro l  measu re s  (Jarg e n se n  & Peders e n ,  
1 99 4 ) .  
A m ajo rity o f  st ud ies  re lated  to h eavy meta l  co nce ntrat i ons  i n  
aquat ic o rgan isms e m phas is  b ioaccu m u  lat ion  o r  b iomag n if icat i on .  Thus  
t h e  p resent  study ai med to dete rm i n e  i f  b ioco ncent rat i on  patte rn betwee n  
t h ree essent ia l  e le ments C u ,  Z n ,  M n  and o n e  o f  t h e  non -essent ia l  t race 
e le me n t s  name ly  Cd. These e l e m e nts we re se lected because most 
s tud i e s  o f  heavy metal  in f i s h  h ave  exam i ned o n e  o r  m o re o f  t hese  
e l e m e nts .  A lso these metals a re often  c lose ly associated wi th each oth e r  
as natu ra l i m p u ri t ies (Vi n i ko u r, e t  a I . ,  1 9 80)  o r  a s  a l l oys  ( McKee & Wol f ,  
1 973) . 
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4 . 1  A c c u m u l a t i o n  o f  e s s e n t i a l  e l e m e n t s  
The tested essent ia l  e l ements C u ,  Zn ,  M n ,  Co ,  N i  a n d  C r  have t h e  
a b i l i ty to  fo rm sta b l e  coord i n ate bonds  to f i xed  act ive s i t e s  i n  t h e  
i m mob i le  p rote i n  mo lecu les (Ke ndr ick,  e t  a l . , 1 992 ) .  Most of t h e s e  m eta l  
che lates act m ai n ly as  cata lysts ; t h e refo re t hey i nd uce the e n zy mat ic 
act iv ity  (Fo rst n e r  & Wittman , 1 980) .  manganese i s  i nvo lved in g l ucose 
ut i l i zat i o n ,  co ppe r i s  fou nd in  e nzymes capab le  of carry i ng  oxyg e n  as 
h e m og lo bi n dos e ,  coba l t  i s  requ i red  to  fo rm h e m o g l o b i n ,  z i nc i s  an 
esse n t ia l  const i tuen t  of enzymes and n icke l  at h i g h  co nce n t rati o n  i s  we l l  
known t o  cause deat h to f ish by asphyx iat i on  a nd i ts  i n ha lat i o n  lead to 
l u ng cance rs as p rev i ous ly re port ed (Forst n e r  & Witt m a n ,  1 9 8 1 ) .  The 
b i o l o g ica l ro le  o f  c h ro m i u m  ( I I I ) as a n  essen t i a l  t race e l e m e nt was 
p roposed  w h e n  i t  was fou n d  t h at rat s  fed a c h ro m i u m -def ic i en t  d ie t  
deve l oped  a n  i m pa i re d  t o l e rance towards g l ucose and a s ig n i f i can t  
re l at i o n s h i p  was fo u n d betwe e n  the  a lcoho l-e xt ract a b l e  c h ro m i u m  
con ten t  o f  food stuff and  b io log ica l  act iv i ty (Hay ,  1 99 1 ; Kendrick ,  e t  a I . ,  
1 99 2 ) .  
Recent ly ,  Fo rst n e r  & Witt ma n ,  1 9 8 1  have bee n rep o rted t hat i f  t h e  
n u t ri t i o n a l  s u pp l y  o f  t race esse n t ia l  e le m e nts  exceed a ce rta i n  l i m i t 
( ov e rs u p p ly ) ,  t h e s e  e l e m e nts  beco m e  t o x i c  a n d  c a u s e  e l t h a l i t y .  
D e f i c i e n cy m ay occ u r  w h e n  t h e  t race e l e m e nt c o n c e nt rat i o n  i s  
u nde rsu pp ly .  A sche mat ic re lat i onsh i p  betwee n  y ie ld g rowth a n d  t race 
essent ia l  e l emen t  concent rat i on  i s  g ive n in F ig . 4 . 1 (Fo rstn e r  & Wittman , 
1 98 1 ) .  Th u s ,  t h e  leve l s  o f  t h e  tested t race e l e m e nt s  i n  Shea ry f i sh  
co m mo n ly co nsu med by  t he  popu lat i on  of Nort he rn Coast of U n ited A rab 
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E m i rate s  was exa m i n ed to dete r m i n e  whet h e r  t he s e  leve ls  co nst i tute a 
hea lt h  h azard fo r t he  co nsumers .  
F i g .  4 . 1  
a )  E S S E N TI A L  ( e. g .  C u ,  Z n ) 
D E F I C I E N T  I O P T I M A L  
I 
I 
I T O X I C  
I 
I 
M E TA L  C O N C E N T R AT I O N  
L E T H A L  
Defic ie ncy and ove rs u pp ly o f  essent ia l  t race 
e l e m e nts (Forstne r  & Wittman ,  1 98 1 ) 
D istri buti o n  of Coppe r :  
F i g .  3 . 1 shows t h e  leve l s  o f  copper  i n  l iv e r , s k i n  a n d  m u sc le  fo r 
m al e  and  female f is h .  I n  l i ve r  t he  copper  content  was fo u nd h ig h (4 .88 ± 
1 . 7 1  p p m )  wh i le i n  sk in  and  m u scle h ave ve ry low co ncent rati ons  0 .33  ± 
0 . 1 3  a n d  0 . 1 7  ± 0 . 06 p p m , re spective l y .  Th i s  be h av i o r  co u ld certai n ly 
att r ibuted to  the  fact t hat m ost o f  t he  copper  e le ment  i s  sto red i n  the  l iver  
to f o r m  m eta l lo t h i o n e i n  co m p le x  s pe c i e s  ( A m du r ,  e t  a I . , 1 9 9 1 ) and 
m et a l l o - e nzymes ( V i n i kou r ,  et  a I . ,  1 98 0 ) .  Meta l lot h i o n e i n  i s  a k i nd of 
p rot e i n  f ound  in l i ve r and k i dney  with h i g h m o l e c u l a r  we i gh t  (6000-
7000 ) .  Th i s  p rote i n  can comb ine  wi th t race d iva lent  m eta l i ons ,  e . g .  C u ,  
Z n ,  Cd a n d  P b  to fo rm tet rahed ra l  o r  square p lan e r  stab l e  f ive o r  s i x  
m e m be re d  r i ng  m etal  c h e lates  (Sc h river ,  1 99 0  and Co l l on  & Wi l k i nson ,  
1 98 8 ) .  Thus ,  t he  l ive r t i ssues i n  f i s h  i s  o ften  reco m m e nded as i nd icato r  
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o rgan i sms  because o f  i ts tende ncy to concentrate po l l utants of  various  
k inds  a t  h i g h e r  leve ls  f ro m t h e i r  e nv i ro n m e nt (Ga l i ndo ,  et a i . ,  1 986 ; 
Sch u h mach e r, et a I . ,  1 992 ) .  I t  i s  we l l  known that l ive r has an i m ponant  
ro le  i n  con ta m i n a nt  st o rag e ,  red i s t ri bu t i o n ,  de tox i f icat i o n  or  t rans ­
fo rmat io n . I t  acts a lso as an act ive s i t e  of  patho log ica l  e ffects i nduced by 
contami nants ( Evans,  et a l . , 1 993) .  
S i m i la r  resu lts  were obtai ned in  the l iver  o f  Lethrinus nebu/osus 
and /en tjan f i sh  cau g ht aro u nd Qatar State befo re , d u ring  and aft e r  t h e  
G u lf War o i l  sp i l l ,  1 99 1  (Ku re ishy ,  1 993 ) .  T h e  coppe r co ncentrat ion  i n  t h e  
l i ver  a n d  muscle of  nebu lous species was around 4 . 1 7  and 2 . 38 p p m  d ry 
weig h t ,  wh i l e  I n  l e nt jan caug ht t h e  copper  leve l i n  l ive r and m u sc le was 
2 . 79 and  2 . 32 p p m ,  respect ive ly .  O u r  data of  coppe r co nce nt rat i on  i n  
l ive r are a lso qu i te c lose t o  t h e  data repo ned b y  Harri son  & Klave rkamp ,  
1 9 90 .  
The  d ist ri but io n of  copper  i n  l i ve r and  musc le  ( Fig. 3. 1 )  fo l low t h e  
sequ e n ce : 
l i ve r  > m u s c l e  
T h i s  behav io r  i s  i n  g o o d  ag re e m e nt w i th  t h e  pub l i s hed work b y  Jaffar & 
Pe rva iz ,  1 989 . The  reaso n for  t h i s  be hav io r  i s  poss ib ly  att r ib uted to t h e  
s pec i f ic  m etabo l i sm  p roce ss a n d  e n zyme-cata lyzed react i on  i nvo lv i ng  
co pper  tak i ng  p lace i n  t he  l ive r (Jaffar & Pe rva iz ,  1 989 ) .  I t  may a l so  be 
due  to  the  fact t hat coppe r g ranu l es  i n  t h e  ce l l u l a r  o rg an e l l e s  may b e  
sequestered i n  t h e  Iysosomes  (a p rocess w h i c h  p rotect s  t h e  ce l l  f ro m  
i nj u ry )  a s  re poned by Abu Oam i r, et a l . ,  1 993 .  The data i n  F ig . 3 . 1  a lso 
s h ows d i ffe rence betwe e n  coppe r concent rat ion  in  fema le  and male f ish 
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i n  l iv e r, wh i le  i n  sk i n and muscle no sig n i f icant d i ffe re nce s  was observed 
( P > 0 .05 ) .  
F i g u re s  3 . 2-3. 4 show the t rends of coppe r  co nce nt rat i on  i n  l iver, 
s k i n  a n d  m u sc le  wi th  f i s h  s ize (o r  age ) ,  respect ive ly .  I n  l i ve r  and sk i n  
( Figs. 3. 2 and 3. 3) a pos i t ive corre lat i on  was obse rved betwe e n  t h e  
c o p p e r  concen t rat i o n  and  f i s h  l e n g t h  (S i ze )  ( R  = 0 . 76 and  R = 0 . 9 , 
res pect ive ly ) . T h i s  behav io r  i s  poss ib ly due  to t h e  s low e xce rt i o n  of 
coppe r  and I t  i s  a lso accumu lated at a rate g reater  t han  the rate of t issue 
g rowth d u ri ng much of the l i fe t ime  of the f ish as reported p rev iou s ly 
( B ryan ,  1 984 ) .  In  m u sc le (Fig. 3. 4) the co pper  concen t rati o n  decrease 
s l i g h t ly  wi th  i ncreas i ng f ish  s ize ,  then atta ined a s e m ico n stant  va lue at  
1 0- 1 7 c m  l eng th .  These data a re in  good ag ree m e n t  w i th  to the data 
reported by Vas & G o rdo n ,  1 993 .  Th is i s  poss i b ly att r ibuted to t h e  fact 
t h at m u sc le  t i ssues  a re not cons idered to be speci f ic p hys io log ica l  s i tes 
fo r cop pe r sto rag e  (Z ia & Khan,  1 989 ) .  
T h e  co p p e r  concen t rat i o n  i n  l i ve r ,  sk i n a n d  m u sc le  t i ss u e  o f  
i nd iv idu a l  Le thrinus nebulosus f ish of t h e  Arab ian  G u l f reg i on  fo l lowi ng 
the  G u l f War ,  1 99 1  was fou nd i n  the  ra nge 0 . 6-4 . 4  p p m  ( Fowl e r, et a l . ,  
1 993 ) .  These  d ata a re h i ghe r  than t h e  data rep o rted i n  o u r  st udy.  T h e  
coppe r l ev e l  i n  m u sc le  dete rm ined i n  t h i s  study i s  o f  a s i m i l a r  ran g e  
co m p a red to pub l i s hed  resu l ts  f o r  ot h e r  f i sh  spec ies  o f  Lake Mu rray 
(Cu r re y ,  et a i . ,  1 992 )  and  t h e  data re ported o n  L ethrinus nebulosus 
spec i es  f ro m Qat a r  ( K u re i shy ,  1 9 93)  and  i n  d i sag re e m e n t  w i th  t h e  
re po rt e d  re su l ts b y  Tar i q u e ,  et a l . ,  1 993 ,  S h ar i f ,  e t  a i . ,  1 99 1  a n d  
Ram e low, 1 989 fo r d i fferent  species of d i fferent reg i ons  and fa l l  wit h i n  t he  
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ranges  of  concentrat ion  reported by Szefe r & Fa landysz ,  1 985 for  Cod 
specie s  fro m the Southern Balt ic Sea. 
The mean conce ntrat ion  of co pper  in m u sc le  t i ssue  of Lethrinu$ 
/entjan in t he  present study a re found lower than  t he  data reported fo r the  
Lethrinus mahsenoides ( 0 . 34 ppm)  and Lethrinus nebulosu$ ( 0 . 45 ppm)  
spec ies  of t h e  same fam i ly and caug ht fro m the Red Sea ,  respect ive ly 
(Abde lmon ie m  & E I - O eek ,  1 992 ) .  
The co nce n t rat i on  of co ppe r i n  k id n ey ( 3 . 2 5  ± 1 . 53 ppm)  was 
fou n d  low as compared to heart ( 0 . 39 ± 1 . 26 )  as g iven  i n  Table 3 . 1 .  The 
reaso n fo r t h i s  behav io r  cou ld be based on  changes  i n  composi t i o n  of 
ta rg et o rg a n  or t i ssue  and the e nzyme -cata lyzed react i ons  i nvo lv i ng  
coppe r i n  both  o rgans .  Trans locat i on  of coppe r i n  bo th  o rgans ,  the  
n at u re and  t h e  n u m b e r  of the  coord i nat i n g  s i te  i n  t h e  f i b rous  p rot e i n  
struct u re o f  t he  k idney m a y  be d i fferent  from t hat p resent i n  heart a n d  
spaw n i ng a re ot he r  poss ib i l i t ies (Kendrick ,  e t  a i . , 1 992 ) .  
D i s t r i b u t i o n  of  z i n c :  
F ig .  3 . 5  shows t h e  leve ls  o f  z i nc  i n  l i ve r ,  sk i n  and musc le .  The  
h igh  conce nt rat i on  of z i nc  i n  l ive r i s  poss ib ly exp la i ned by t h e  fact t hat 
z i n c  i s  a n  essen t ia l  e l e men t  bound  to  m eta l l ot h i o n e i n  p rote i n  a n d  i s  
req u i red fo r  meta l loenzymes as a cofacto r (Amdu r ,  et a l . ,  1 99 1 ) . Many 
e xp lana t i ons  have  been offe red for  t h e  obse rved t re nds ,  e . g .  speci f ic  
me tabo l i sm  p rocess and enzyme-cata lyzed react io n tak ing  p lace i n  t h e  
l ive r (J affar & Perva iz ,  1 98 9 ;  G al i nd ,  e t  a l . , 1 986 ) .  I n  t h e i r  study z i nc 
concent rat i on  we re fou nd 74 . 1 5 ppm i n  Rohu  fi s h .  Th i s  va lue  i s  c lose to 
the z i n c  conce nt rat i on  in  fe ma le  f i sh  of Lethrinu$ lent jan (70 . 1 ± 38 .62  
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p p m )  i n  t he  p resent  study.  The ave rage z inc  co nce ntrat ion  i n  fe ma le  f i sh  
( Fig. 3.5) fo l low the  sequence : 
l i ve r  > s k i n  > m u s c l e  
a n d  t h e  ave rage z i nc  conce ntrat ion  ( Table 3. 1 )  was fou nd t o  depe nd o n  
s e x  a n d  the  fo l lowi ng seque nce : 
fe m a l e  > m a l e  
i n  l ive r ,  a n d  sk in  (P  < 0 . 05)  was ach i eved.  
S i m i la r  accu m u lat i o n  be hav io r  o f  z i nc in  f ema le  and male have 
b e e n  re p o rted  by K h a n  & We i s ,  1 99 3 .  T h i s  sequ e nce i s  poss i b ly 
att r ibuted to t h e  fact i n  fe ma le  and ma le  f i sh  the  types o f  ho rmons  are 
d i ffe re n t  and the n u mber  of coord i nat i ng site in t he i r p rote i n  st ructu re may 
be d i f fe re n t  and  con ta i n o pt ica l ly act ive  l i gands  o f  n i t rog e n ,  oxyg e n  
and/o r su l phu r  s i tes wh ich favou rab le  fo rmat ions  o f  tetrahedra l  species of 
z i nc  che lates (Kendrick ,  et a l . ,  1 992 ) .  
The  z i nc  conce ntrat ion  i n  l iv e r  and ski n ( Figs. 3. 6-3. 8) i ncrease 
wit h i n c reas ing  fi s h  s ize  and st ro ng corre lat i on  was fou nd in  l i ve r (R = 
0 . 9 2 ) .  These re su lts are i n  good ag ree m e nt w i th  t h e  data repo rted by 
Evans ,  e t  a I . ,  1 993  and S i n g h ,  et a l . , 1 99 1  and i nd icated t hat t h e re is a 
st ro ng co rre lat i on  betwee n  the  z inc  co ntent i n  l iver  wit h t he  f ish s ize .  Z i nc 
i s  an  e sse nt ia l  e l em e nt and usua l ly does not i ncrease i n  co nce nt rat i on  
w i th  age o r  s ize  becau se i t  i s  t hough t  to be u nde r h o m ostat ic  co nt ro l  
(Thompson ,  1 990 ) .  E x posure to d i ffe re nt meta l  conce nt rat io n s  ove r t ime  
d ie ta ry sh i fts ,  d i ffe re nces i n  t he  u ptake , ass im i lat i on  and  e xcret i on  rates  
o f  z i nc wi th  ag e may accou nt fo r t he  obse rved t rend ( Evans ,  et a I . ,  1 993 ) .  
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The mean concentration  of  z i nc  i n  muscle was found 3 .30  ± 0 . 2 8  
p p m .  T h i s  va l u e  i s  l o we r  t h a n  t h e  d a t a  repo rt e d  o f  L e th ri n u s  
mahsenoides (4 . 8 1  ppm)  and Lethrinus nebulosus ( 6 . 87 ppm)  spec ies 
f ro m R e d  S e a  a n d  A ra b i a n  G u l f reg i o n  fo l lo w i n g  t h e  G u l f W a r  
(Abde lmon i em & E I - Oeek ,  1 992 ; Fowle r ,  e t  a l . ,  1 993) a n d  i s  qu i te c lose t o  
t h e  data re ported b y  H a rrison & Klave rkamp ,  1 990 fo r o t h e r  f i s h  species 
i n  ot h e r  locat ions .  
The  u ptake of z i nc sh owed no c lear  d ist ri but io n patte rn betwee n  
f i s h  s i z e  a n d  i t s  co nce nt rat i o n  i n  m u sc le  ( Fig . 3 . 9) .  T h e  va l ue  of 
co rre l at i o n  coeff ic i e nt was fo und  v e ry weak 0 . 07 .  Z i nc  seemed t o  
accu m u l at e  u pto a ce rta i n leve l t h e n  t h e  co nce n t rat i o n  appeared to  
re ma i n  co n stant .  Th i s  be havi o r  i s  due to seve ra l  mechan i sms  wh ich  may 
reg u late t h e  conte nt of the metals in f ish (Marco Vecch io  & Moreno ,  1 993 ;  
V i n i ko u r, e t  a I . ,  1 9 80) .  Mo reover, G u n s ,  et a I . ,  1 988 repo rted t hat no  
s ig n i f i can t  d i ffe rences was  o bserved  between z i n c  concent rat i on  and  
l eng t h .  
The  accu m u lat i o n  patt e rn s  o f  t he  e l e m e nt s  a re re lated  to  
i nt e rdependa ncy o f  u ptake and  dom inat ion  rates  of  e l e m e nts  (V i n i ko u r, 
et a I . ,  1 98 0 ) .  W h e n  su ff i c ie nt l eve ls  of  t h e  e le m e n t  esse n t i a l  f o r  
metab o l i s m  is  sequest e red i n  t h e  body a n d  e q u i l i b ri u m  i s  e sta b l i shed 
b et we e n  t h e  body b u rde n of  t h e  e l e m e n t a n d  e n v i ro n m e nt 
co ncent rat i ons .  Afte r  t h at ,  t he  body bu rden  may re ma in  re lat iv e ly stab le  
o r  d ecrease w i t h  i n creas ing  the  s i ze  o r  age  of  t h e  f i sh  (V i n i kou r , et a I . ,  
1 980 ) . 
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The  accu m u lat i on  of z inc i n  k idney (43 .26 ± 1 6 . 87  ppm)  was fou nd 
h i g h  as  co m pared to heart t issue (32 . 38 ± 1 0 . 1 9  p p m ) .  The reaso n fo r 
t h i s  b e h av i o r  i s  poss i b ly att r ibuted to t h e  fact t h at t h e  nu mbe r of  (J. ­
hyd ro xy acids and a m i n o  acid conta i n i ng s u l p h u r  a re poss ib ly  h ig h i n  
k idney  t i ssue a s  co mpared t o  heart t i ssue .  Th is  be hav io r  i s  re lated t o  t h e  
fact t h at  k idney  t i ssues  a re cove red  w i t h  m uco u s  m e m brane w h i c h  
e n h a n c e  t h e  che lat i n  w i t h  z i nc ( S o re n s e n ,  1 99 1 ) T h e  poss i b i l i t y  o f  
occu rre nce of  enzymes bound z i nc i n  k id n ey a l s o  cou ld accou nt fo r  t h i s  
t re n d .  
D i st r i b u t i o n  o f  m a nga n e s e :  
I t  i s  known that manganese i s  o n e  o f  t h e  esse nt ia l  e l ements wh ich 
p lay an i m portant ro l e  as a cofacto r  fo r a n u m b e r  o f  e n zy mat ic react i on  
esp ec ia l ly t hose  i nvo lved i n  phosphory lat i o n ,  cho l este ro l  and fatty acid 
synthes is  ( Hay, 1 99 1 ; Kendrick , et a I . , 1 992 ) .  
I t  i s  obse rved t hat manganese ( Fig. 3. 1 0) have g reater tendency to  
accu m u late  i n  l i ve r  rat h e r  i n  sk i n and  m u sc le  a n d  the  accu m u l at i o n  
patte rn  o f  t h e  average manganese ( Table 3. 1 )  fo l low t h e  seque nce : 
l i ve r  > s k i n  > m u s c le 
Th is  behav io r  i s  possi b ly att r ibuted to t he  abi l i ty of  t he  manganese 
to  co nce n t rate in  m i tochondr ia ,  w h e re l i ve r, pancreas  and i n test i n e s  
t i ssue  a re r ich i n  these ogan e l las (Amdur ,  1 99 1 ) .  A n o t h e r  reaso n f o r  t h is 
b e h av io r  m ay be based o n  t he  specif ic metabo l i sm p rocess and enzyme­
cata lyzed react i on  i nvo lvi ng  manganese  tak i ng p lace in  l iv e r  (Jaffar & 
P e rva iz ,  1 989) .  
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I t  can  a l s o  b e  no t iced t hat ( Fig . 3 . 1 0) t h e re i s  a s i g n i f i can t  
d i f ference ( P  < 0 . 05 ) between the  manganese leve ls  i n  ma le  and fema le  
f i sh  where t h e  sequence fo l low the  order: 
fe m a l e  > m a l e  
I n  m usc le  a n d  sk in  (Fig .  3. 1 0) t h e  d i f fe re nces i n  m an ganese content i n  
fema le  a n d  m a l e  i s  not s ign i f icant where t he  P > 0 .05 .  
F ig .  3 . 1 1 shows n o  d i ffe rence in  m anganese conten t  i n  f i sh  l ive r  
and  f i sh  s ize  and  the  corre lat ion ( R  = 0 . 636)  wi th e xcept ion a t  f i s h  s i ze  1 3  
c m  w h e re t h e  manganese content was found h i g h .  T h e  reason fo r  t h i s  
behav io r  at  s m a l l  f i sh  s ize i s  poss ib ly  re lated to t h e  h ig h  m etabo l ism rate 
and t h e  i ncrease in  t h e  u ptake at t h e  ear ly  g rowth of f i sh  as reported by 
Evans ,  et a I . ,  1 993 . 
T h e  m ean  concent rat ion  of  Mn  i n  f i sh  l ive r was found 1 . 22  ± 0 . 2 3  
p p m . T h i s  va l u e  i s  lowe r t h a n  t h e  v a l u e  reported b y  J affe r & P e rva iz ,  
1 989  [4 . 7 1  ppm in  Sa l m o n  so le  f i sh  and 4 . 3 8  ppm in  R o h u  ( L a b e o  
rohito) ] ,  w h i l e  i t  fa l l  wit h i n  t h e  range o f  M n  concentrat ion reported b y  Vas 
& G ordo n ,  1 993 in  deep-sea shark l ive r  f ro m  the  Rocka l l  Trought .  
M anganese concentrat ion in  sk in  s h ows h ig h e r  concent rat i on  i n  
you n g e r  f i s h  than  o lder  f i sh  ( Fig. 3 .  12a) and a n egat ive corre lat i on  was 
found between concentrat ion  and f ish l engt h  ( R  = - 0 . 72 ) . Th is behav io r  
cou ld b e  d u e  to change i n  t h e  u ptake rate o f  manganese w i th  age (Vas,  
et a I . ,  1 990 ) .  
A st ron g  corre la t ion betwee n  the  rate o f  u ptake and t h e  rate o f  
g rowth ( Fig. 3 .  12a) i n  sk in  was ach i eved.  Thus  t h e  fast e r  g rowth rat e s  
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t h e  m o re accumu lat i on  of meta l s  i n  younger  f ish than  t h e  o lder  f ish where 
the g rowt h  rate i s  s low (Vas, et a I . ,  1 990 ) .  I t  may be a lso  due to changes 
in  re lat i ve  o rgan s ize wi th  g rowth (Vas ,  et a l . , 1 9 90 ; M i l n e r , 1 979 ) o r  
changes  i n  co m pos i t i on  o f  t h e  targe t  o rg an o r  t i ssue wi th  g rowt h , e . g .  
l i p id  content  (N icho lso n ,  et a i . , 1 99 1 ; G i rmas,  et a i . ,  1 985) . Trans locat ion  
o f  m a n g a n e s e  amo n g  t i ssues  and  s pau n i n g a re ot h e r  poss i b i l i t i e s  
( Evans ,  e t  a l . , 1 993)  for t h i s  behav ior .  
The manganese co nce ntrat i on  in  f ish m u sc le  was fo u nd 0 . 1 7  ± 
0 . 06 ( Table 3. 1 ) .  Th is  va lue fa l l  wit h i n  t he  ranges of  co ncent rat i ons  for  
o t h e r  p u b l i s h e d re s u l t s  fo r  ot h e r  s pec ies  i n  o t h e r  locat i o n s  by 
Schu h m acher, et a l . ,  1 99 2 ;  Jaffe r ,  et a l . , 1 988 ;  Vas & G o rdon ,  1 993 .  
I t  i s  wo n h  m e nt io n i ng to note  t hat the  mean conce nt rat ion  of Mn  i n  
f i sh  m uscle was s l ig ht ly  lowe r than t hose reponed b y  Fowle r ,  et a I . ,  1 993 
o n  Le thrinus nebulosus s peci e s  caug ht  f rom B a h ra i n ,  Saud i  A rab ia ,  
O u b a i ,  O m a n  aft e r  t h e  G u l f War ,  1 9 9 1  w h e re t h e  m a n g a n e s e  
conce n t rat ion  i n  musc le  was i n  t h e  range 0 . 1 9-0 . 4  p p m  for  i nd iv idual  f ish 
( Fow le r ,  et a l . , 1 993) .  A bde lmon i em & E I - Oeek ,  1 9 92  re poned that t h e  
ave rage concentrati ons  i n  Lethrinus mahsenoides m u sc le  was 0 . 32 p p m  
wh i l e  fo r  Lethrinus nebulosus m usc le  was 1 . 1 3  ppm .  
The re lat i onsh ip  between  manganese conce n t rat ion  and  f i sh  s ize  
i n  m u sc le  ( Fig. 3. 1 3) i s  very st rong  inverse relat i onsh ip  ( R  = -0 .967) .  The 
co ntent  of mangan ese i ncreased wi th  i ncreas ing  g rowt h  rate at  sma l l  f ish 
s i z e  s u g g est i n g  a m etabo l i c  reg u lat i o n  of m a n g a n e s e  con ten t  as 
p rev i o u s ly re po ned by R o n n b e rg ,  e t  a l . , 1 99 0 .  Manganese  as a n  
essent ia l  e lement usua l ly  does not i ncrease i n  co nce nt rati o n  wi th age o r  
8 9  
s i ze  s i nce it co u ld be p resent u nde r  hom eostat ic  con t ro l  (Tho mspon ,  
1 99 0 ) .  
T h e  accu m u lat io n of  manganese i n  k idney a n d  heart i s  g iven  i n  
Tab le  3 . 1 .  The d ist ri but ion fo l low t h e  order :  
k i d n e y  > hear t 
Th is  behav io r  i s  attr i buted to t he  d i fference i n  t h e  p rote i n  st ruct u re 
o f  both o rgans ,  t he  n u mber  of  coord i nat ing  and act ive s i tes and the  types 
o f  e nzymes .  coenzymes and hormons i nvo lved in bot h t i ssues (Kend rick,  
e t  a i . ,  1 9 9 2 ) .  Manganese  i s  fo und  in a var i ety o f  e n zymes  such as 
py ruvate carboxy lase ,  oxa l oacetate deca rbo xy lase and  s u p e rox ide  
d i s m utases and mangan ese p rophyr i n co mp lexes  w h i ch  a re n o rma l ly 
acc u m u lated i n  k idney at h i gh  leve l  as co mpared to  heart as reported by 
Kend r ick,  et a l . ,  1 992 .  
4 . 2  A c c u m u l a t i o n  o f  n o n - e s s e n t i a l  e l e m e n t s  
T h e re has been  an i ncreasi n g  co nce rn over  env i ro n m e nta l  lead 
and cad m i u m  po l l u t i on  and the subseq uen t  effect o f  t h ese tox ic m eta ls  
( n ot se rv i n g  as be nef ic ia l  b io log ical  fu nct io n ) .  Wi th  t he i ndust r ia l  and  
tech no log ical  revo lu t ions ,  the  i ntens i f ied use of  lead and  cad m i u m  poses 
a se ri o u s  t h reat to hu man hea lth  (Shari f ,  et a l . ,  1 993 ) .  These e l e ments 
t e nd to accu m u lat e  in botto m sed i m e n t s  f ro m  w h i c h  t h e y  m ay be 
re leased by vari o u s  p rocesses o f  re mob i l i zat i on  a nd- in chang i n g  
fo rm- c a n  move u p  t h e  food chai n ,  t h e reby reac h i n g  man  where t hey 
cou l d  p ro d u ce c h ro n i c  a nd acute a i l m e nt s .  T h e  de f i c i e ncy a n d  
ove rs u pp ly o f  t hese e l ements are g iven i n  F i g .  4 . 2  (Forst n e r  & Wittm a n ,  
1 98 1 ) . 
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F i g .  4 . 2  Defic ie ncy and ove rsu pp ly o f  n o n esse nt ia l  
t race e l e ments  ( Fo rstn e r  & Witt m a n ,  1 98 1 ) 
T h e  targets  o f  t h e  tox ic  m eta ls  are s peci f ic b ioche m ica l  p rocesses 
and/o r m e m b ra n e s  o f  ce l l s  and o rg a n e l l e s .  T h e  t ox i c  e ffect o f  t hese  
e l e m e n t s  occ u r  due  to t he  s i m i l a r i ty  o f  t h e i r  m etabo l i s m  w i t h  ot h e r  
e ss e nt i a l  e le m e nt s  m etabo l i sm  i n  t h e  cen t ra l  nervous  syst e m  (Amdur ,  e t  
a I . ,  1 99 1 ) . Ot h e r  re aso n fo r  the  e le m e n t  t o x ic i ty t h at t h e s e  e l e m e nts  
at t ac k  t h e  g ast ro i n test i n a l ,  l iv e r , o r  re n a l  t u b u l a r  c e l l s  wh ich  are  
part icu l ar ly  su scept ib le  to tox ic i ty (Amdur ,  e t  a I . ,  1 99 1 ) . 
A c c u m u l a t i o n  o f  c a d m i u m :  
C ad m i u m  i s  a u b iqu i to u s ,  n o n -e ss e nt i a l  e le m e n t  wh ich  possess 
h i g h  t o x i ci ty  to both h u mans  and aq u at ic  o rgan i sms  ( D i az - Mayans ,  et a I . ,  
1 98 6 ) .  C ad m i u m  and cad m i u m  co m po u nds h ave bee n u sed exte n sive ly 
b y  v a r i o u s  i nd u st r i e s  a nd t h i s  h as p ro d uced s h a rp i n creases  i n  
co n ta m i nat i on  o f  wate r. Cad m i u m  i s  w idespread i n  t h e  b i osphe re w h ic h  
i s  accu m u lated by a n i ma ls  a n d  f i s h  ( D iaz- Mayans ,  et a I . , 1 986) .  
T h e  accu m u lat i o n  be h av i o r  o f  cad m i u m  ( Fig. 3. 1 4) i n  f i sh  l iv e r, 
s ki n a n d  m u sc le  fo l low the  sequ e nce : 
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l i ve r  > m u s c l e  > s k i n  
with  a n  ave rag e concentrati o n s  of cad m i u m  0 . 6 6  ± 0 . 2 8 ,  0 . 1 1  ± 
0 . 0 2  and 0 . 08 ± 0 .06 ppm i n  t he  t h ree o rgans ,  respect ive ly ( Table 3. 1 )  . 
The  reason fo r t h i s  accu m u lat ion  behav io r  by l iver  cou ld be based o n  t h e  
g reate r tende ncy t o  coord i nate  wi th t he  s u l p h u r  l ig ands i n  metalot h ione i n  
p rote i n p resent i n  l iv e r . Meta lot h i o n e i n  i s  p ri m a ri ly a t i ssue  p rote i n  
co nta i ns  6 1  ami no  acids  and 2 1  o f  t h e m  are cyste i n e  wh ich have g reater  
tende ncy to fo rm stab le f ive  o r  s i x- m e m bered ri ng che lates  w i th  cad m i u m  
v i a  t h e  carboxylate ,  a m i no a n d  mercapto g roups (Amdur ,  1 99 1 ) .  T h e  fact 
that m etalot h ione i n  i s  ub iqu i tous i n  most o rgans but i s  i n  h ig hest conce n­
t rat i o n i n  l i v e r  and k i d n e y ( A m d u r ,  1 9 9 1 ) . T h e re f o re cad m i u m  
acc u m u lates h ig h ly i n  l ive r . 
The accu mu lat io n of cad m i u m  i n  t h e  t h ree o rgans  i n  fe ma le  and 
m ale  f i sh  fo l low t h e  o rder :  
fe m a l e  > m a le 
and the  d i ffe re nces between  fe male and male i n  cad m i u m  accu mu lat i on  
i n  m uscle and sk i n  i s  no t  s ig n i f icant ( P  > 0 . 05 ) .  I t  can  be i nferred f rom 
the d i st ri b ut i on  o f  cad m i u m  in t hese o rgans t hat fe ma le  f i sh  h ave g reat 
tende ncy to accu m u late cad m i u m .  I t  seems l ike ly t hat a l l  t h ree o rgans i n  
fe ma le  f i sh  co ntai ns  larg e  n u m b e r  o f  speci f ic act ive s i tes and h o rmons  
wh ich  have g reate r  tende ncy to accumu late cad m i u m .  
F i g .  3 . 1 5  shows t h e  accumu lat i on  o f  cad m i u m  i n  f i s h  l iver  wi th f ish 
age (o r  s ize) .  The co nce nt ratio n  of cadm ium i n  l ive r i ncreases wi th f i sh  
l eng th .  Th i s  be hav io r  i s  co m mo n  for  no n -essent ia l  e l e m e nts (Evans ,  et 
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a l . ,  1 993 )  becau se it i s  t hought that excret ion  of Cd is  ve ry s low and it 
accu m u lated at a rate g reate r  t han t he  rate of t i ssue g rowth du ri n g  f i sh  
l i f e  t ime and the  co rrelat ion  i s  very strong  (R  = 0 . 857) .  
The  d ist ri but i ons  of cadm ium in  sk in  and muscle wit h f ish s ize are 
s u m m ar ized i n  F igs .  3 . 1 6-3. 1 8 . A decrease i n  cad m i u m  co nce ntrat io n  
wi th  s ize  i s  obse rved for  both organs .  The co rre lat i on  coeffic ients o f  f i sh  
sk in  and  fi s h  m usc le were found -0 .598 and -0 .896  suggest i n g  weak 
and st ro n g  corre latio n  in  bot h o rgans ,  respective ly .  A pr imary reason fo r 
a decrease i n  meta l  co nce n t rat i o n  i s  re lated to  n ew t i ssues  b e i n g  
i nco rpo rated at a g reate r rate than metals can b e  act ive ly t ransported i nto 
the t i ssues  to estab l i sh  a steady- state conce ntrat io n (d i lu t i on  by g rowt h )  
a s  p rev ious ly reported b y  V in i kou r, e t  a l . , 1 980 .  
The acc u m u lat i on  of cadm ium in  kid ney and heart i s  s u m m ari zed 
in Table 3 . 2 .  Many e x p lanat i o n s  have been  offe red fo r the o bs e rved  
t re nd w h e re m eta l lo t h i o n e i n  t i ssue  prote i n  i s  u b iqu i t ous  i n  most f i s h  
o rg a n s  and  i s  h i g h est  conce n t rat i o n  i n  k id ney (Amdur ,  1 99 1 ) . Th i s  
p ro te i n  s t ructu re i s  ab le  to  form stab le  cadm iu m c h e late v ia  s u l p h u r  
l i gands .  A lso , cad mi u m  i s  less we l l  reg u lated i n  f i s h  body a n d  i t  can 
e n t e r  f i s h  t h ro u g h food c h a i n a n d  accu m u la te  i n  k i d n e y  as 
o rg a n o meta l l ic co m po u nds as so l id  g ranu les wh ich  a re t h e n  sto red o r  
e xcreted (Amdur ,  1 99 1 ) . 
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4 . 3  A c c u m u l at i o n  be h a v i o r  o f  e s s e n t i a l  a n d  n o n-esse n t i a l 
e l e m e n t s  i n  t h e  d i ffe rent  f i s h  o rga n s  
I n  l ive r (Figs. 3. 5 and 3. 1 9) t he  accu mu lat i o n  behav io r  of t he  tested 
essent ia l  e l ements fo l lowed the sequence : 
Z n  > C u  > M n  
at a l l  f i s h  s izes .  I n  sk i n (Figs. 3. 5 and 3. 20) t h e  u ptake t rend of  t h e  
e l e m e nt s  fo l lowed t h e  o rde r :  
Z n  > Cu > M n  
I n  m u sc le  (Figs. 3. 5 and 3.2 1 )  t h e  fo l lowi ng seque nce : 
Z n  > C u  > M n  
I n  hea rt ( Fig. 3. 22) t h e  o rde r o f  seque nce : 
Z n  > Cu > M n  
a n d  i n  k idney ( Fig. 3. 22) t h e  fo l lowi ng o rder :  
Z n  > Cu > Mn 
w e re ach ieved.  
The h i g h  acc u m u lat i o n  o f  z i nc is  att r i bu ted to t h e  fact  t h at i n  
b io log ica l  sys ems t he re are about 1 8  z i nc metal loenzymes and about 1 5  
Z n 2 + i o n - p roto n ated e n z y m e s .  Z i  n c  a l so acts as a cata l yst i n  
m eta l lob i omo lecu les bound to am ino  acid s ide cha i ns  co nta i n i ng N ,  0 o r  
S d o n o r  l i g a n d s  (Ke nd r ick e t  a I . , 1 99 2 )  to  f o r m  t e t ra h e d ra l  z i nc 
meta l loprote i ns  and meta l loe nzy mes .  
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The  accu m u lat i on  be h av io r  of t h e  tested e le m e nts i n  l i ve r  ( Fig. 
3. 23 and Table 3. 1 )  fo l lowed the  o rder :  
Z n  > Cu > M n  > Cd 
The h ig h  co ncen t rat i on  of Zn,  Cu and Mn  cou ld be re lated to  t h e  
occu rre nce of t hese  e l e m ents  i n  m a n y  e nzy mat ic react i ons  i n  l i v e r  as 
p rev ious ly  ment ioned .  I n  ski n ( Fig. 3. 24) the orde r :  
Z n  > Cu > Mn > Cd 
was ach i eved.  In  muscle ( Fig. 3. 24 and Table 3. 1 )  the accumu lat ion  
be hav io r  fo l lowed the  seque nce : 
Z n  > C u  > Cd == M n  
wh i le i n  k id ney and heart ( Fig. 3. 22 and Table 3. 2) ,  i t  can b e  not iced t hat 
t he  accu m u lati on  o rde r  in kidney fol lowed t he  o rder :  
Z n  > C u  > M n  > Cd 
and i n  t h e  heart the  seque nce fo l lowed the  o rder :  
Z n  > Cu > Cd > M n  
D i ffere nt facto rs ,  e . g .  excret i on  rate ,  t h e  b i nd i ng  rate o f  su lphyd ry l  
g roups ,  nu mber  of coo rd i nat ing s i tes ,  t he  so l u b i l i ty  o f  m etal  sal ts , t h e  
rest ricted re locat ion  o f  t he  d i ffe re nt e lements i n  t he  tested f ish o rgans ,  t h e  
nat u re of t h e  e n zymes avai lab le i n  each t issues a n d  t h e  aff i n i ty o f  eac h  
t race e l e m ent  to f o r m  stab le che lates  wi th t h e  avai lab le act ive s i tes i n  
each f ish  o rgans are poss ib ly part ic ipat i ng facto r  i n  these t re nds .  
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CONC L U S ION 
AND 
RECOM M ENDATIONS 
4 . 4 C o n c l u s i o n  a n d Re c o m m e n d a t i o n s  
The resu lts  of t h i s  study ind icate t hat : 
1 .  The accumu lat ion  of  Cu ,  Cd ,  Zn and M n  we re g reatest i n  l iver  
t issues as com pared to ski n and musc le .  
2 .  Most of  t h e  tested meta ls  are h ig h ly  accu m u lated i n  fe ma le  
t i ssues  as  co m pared to male t issues .  
3.  Most of the tested e lements we re wit h i n  the pe rm iss ib le  l i m its 
fo r h u m a n  co n s u m pt io n .  T h e re fo re consu m i ng L e thrinus 
lent jan (Sheary)  f ish from U . A . E reg ion  does not pose a hea lt h  
hazard ,  b u t  p rotect ion  o f  t he  aquat ic e nv i ron m e nt i s  warranted 
to p reserve th i s  important  part of  the t radit i ona l  d ie t .  
4 .  Most o f  t h e  e le ments a re h ig h ly accu m u lated i n  f ish  l ive r, as 
com pared to mu sc l e ;  t he refore i t  i s  reco m m e nded to  d iscard 
t he  l ive r and eat o n ly the musc le .  
5 .  Acco rdi ng to  t h e  reco m m e ndat i o n s  o f  var ious  i n te rnat io na l  
ag e n ci e s  a s  c i ted by S h a ri f ,  et  a l . ,  1 99 3 ,  the  p rov i nc ia l  
to le rab le  i ntake of Cd  by  human  be i ngs  is  ( 1 -1 . 2�g kg-1 body 
wt day-1 ) .  Acco rd i ng to o u r  resu lts for ave rage i ntake to reach 
t h i s  l im i t ,  a perso n wi l l  req u i re to co nsume about  800 g m  of 
f i sh  f lesh ( Lethrinus lent jan) per day ,  wh ich  is far more t han  
t he  average co nsumpt ion of  f ish by  a no rma l  pe rson pe r  day .  
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As a resu lt ,  we can co nclude that Lethrinus lent  jan f ish of t h e  
western  coast o f  U . A . E  ( Ras A I - Khai ma)  i s  safe for  h u m a n  
co nsu mpt i on  wh ich reflect a s  wel l  that t he  area i s  free o f  heavy 
meta ls po l lu t io n .  
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